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INTRODUCTION 

This review reconsiders the basis on which experimental gastric cancer has 
en produced. Briefly it points out the peculiarities of the human gastric mucosa 
d compares it with that of other species. The recognized precancerous condi- 
ns of the mucosa are then described, and special consideration is given to the 
ncept of the possible origin of gastric cancer from a chronically damaged mucosa. 
he multiplicity of factors, secondary, environmental or hereditary, which might 
oduce this alteration are considered. No claim is made for causal connection. 
issible points for experimental attack are discussed. 

Its inaccessibility has gained for gastric cancer a certain element of mystery 
iich has tended to set it apart from other forms of neoplasia. Yet when the 
verely altered structural background out of which gastric cancer arises is under- 
ood it is apparent that its origin is not particularly different from that of other 
ircinomas, for instance cutaneous cancer arising in the dermis after chronic injury 

roentgen rays. The stomach does not offer ideal conditions for the study of 

e formal genesis of carcinoma, the mechanism of its origin from the normal cells ; 
) experimental work should be directed at determining the many environmental 
ctors which are thought to be involved in its causal genesis. The inciting factors 
hich lead to development of malignant neoplasms may at present be partially 
erreted out, so as to be correlated with the actual occurrence of the carcinoma. 
\mong such factors are gastric mucosal changes known to be associated with or 
0 exist prior to malignant lesions, and environmental agents. By sorting out 
xisting knowledge, sound deductions capable of experimental proof may be 
ecured. 

A comparison may be made of the results obtained from experimental 
surgery of the stomach and those obtained from the experimental attack on gastric 
cancer. The problem of cancer of the stomach and its many associated problems 
have been better solved because the solution stemmed from experimental surgery. 
(he concept of human gastric surgery of the whole Billrothian era was based on 
resections which had been performed on animals. In comparison with the surgical 
approach to therapy, experimentation to determine fundamental causation and 
pathogenesis has been unsuccessful. The failures are here comparable to, if not 
greater than, those met with in direct study of the human disease. The results 
have been well nigh consistently negative and at times so confusing as to make 
them tenuous beyond value. The experimenter on animals has been restricted 
from the start because of the rarity of spontaneous adenocarcinoma of the stomach 
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in laboratory animals,’ although an adenomatous lesion of common occurrence in 
one strain of mice has been described.? In early studies on production of gastric 
cancer in which a parasitic nematode was used * it was found later that the animals 
had been kept on an incomplete diet. This, of course, invalidated the theory that 
the parasite was necessarily the inciting agent.* The interpretation of the observed 
lesions was difficult. For instance a squamous metaplasia found in the lung was 
mistakenly described as metastatic carcinoma.® Soon after their discovery the 
carcinogens were used in feeding experiments. ‘These experiments, after some 
mistrials, led to development of squamous cell carcinoma of the forestomach ‘ 
(a nonglandular portion lined with squamous epithelium) in smaller laboratory 
rodents. This lesion is comparable to carcinoma of the esophagus in man. Cogni- 
zance of the pessimistic outlook for experimental work coupled with a continued 
high mortality from gastric cancer caused the National Advisory Cancer Council 
to call a conference on gastric cancer, which was held on Oct. 11 and 12, 1940.’ 
This conference brought together experts in the many specialties which can now 
be utilized in solving the problem. Here was proposed the first extensive con- 
certed effort toward both a clinical and an experimental attack on the problem, 
indeed a much needed key. A historical review on experimental gastric cancer 
was published in the same symposium.® 


EXPERIMENTAL APPROACH 
Since the major problem of gastric cancer for the time being is its causation, 
the experimental data must perforce be those most applicable to the manifesta- 
tions of the human disease. The relative importance of the association of gastric 
cancer with chronic gastritis, ulcer and environmental factors must be determined. 
It is pertinent to ask what further gain may be expected from animal experi- 


mentation. The question has been answered by pointing out that investigators 
expect to acquire new physiologic knowledge and subsequent understanding of 
pathologic processes.® In addition, well defined conditions make it possible to 
understand and control the agents and to supply the unknown links, with the 


idea of instituting preventive measures. In order to test experimentally the obser- 
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vations made on human subjects the research worker must choose the correct 
animal and devise most carefully controlled conditions, so that each factor under 
observation may be weighed and either discarded or recognized as a precancerous 
condition. Each time factor and every physical element must be precisely con- 
sidered. Just now the goal should be the production of those lesions most 
riously thought to be precancerous or most often found associated with cancer. 
To appreciate the time factors involved-the investigator may compare cancer 
the stomach originating from a long-damaged mucosa with cancer originating 
m the better known types of chronic precancerous lesions. Although the skin 
not a mucous membrane, it affords an ideal place for this comparison. Paget's 
d Bowen’s dermatoses show a prolonged chronic course prior to their manifest 
icer phase. Reduced functions occur in these conditions, and so it is com- 
nly with cancer of the stomach. Length of time is the impressive thing. Is 
1e necessary in order to allow extrinsic factors to act? It is not proved, 
t it may be that aging is the essential element. If time rather than physiologic 
ng is of most importance, experiments which run a year or so would be of use. 
wever, at least in man, it would appear that aging is of primary import. Prob- 
ly the most common error has been that of performing experiments of relatively 
rt duration. Clinical reports on gastric cancer stress repeatedly the length 
time the preconditions must exist,’® a train of events thought to run through 
period of twenty years or more. It is suggestive, too, that the average age- 
ecific mortality rate for gastric cancer is, as for other forms of gastrointestinal 
cer, progressive with age.’ Among white persons the mean age at time of 
ith from this disease is 65 years ** and the maximum number of deaths in any 
» ten year age period occurs between the ages of 65 and 74.** Previously the 
ak was in an earlier age period. If experiments are to be significant, they 
ust be based on the statistically important series of etiologic events which occur 
iring the aging of the gastric mucosa. These are believed to be largely extrinsic 
nature.'* To have an etiologic significance, the events must occur in the series 
equently enough to be beyond the realm of chance. It is at this precise point 
at the histogenic basis is useful, to place the sequence of events in a reasonable 
me relationship and to make certain that there is a true association between 
vo events. An instance of not using this type of reasoning is the attempt to 
roduce gastric cancer on the basis of acute ulcer. All known carcinogens, even 
he most potent, are known to bring about primary damage of tissues in the intact 
ody by a process involving time ** and followed by a long induction period. An 
nimal such as the monkey or dog, whose life span and whose anatomic functions 
) some extent approximate those of man, should be used, so that all elements 
nay be allowed a sufficient time for action. In addition, its complex nature makes 
one recognize the multiplicity of factors which may contribute to the development 
of gastric cancer; it is not believed to arise from a single condition. 
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The human gastric mucosa, with its four zones (cardiac, fundic, intermediate 
and pyloric) and its own particular distribution of peptic and oxyntic cells, cannot 
be exactly duplicated in any species, but, as might be expected, monkeys and apes 
do have a similar type of mucosa.*® Probably the most practical animals to work 
with, and those on which the most extended studies have been done, are the dog, 
cat, pig, rabbit and guinea pig.*® These species have a gland-lined gastric mucosa, 
and although the distribution of cells is characteristic for each species they are 
sufficiently similar to be of use. Of these animals, dogs of a long-lived strain 
would probably be ideal. The stomach of the small laboratory rodent is half lined 
with squamous epithelium, and, although it is known to be highly sensitive to 
carcinogens,** its dissimilarity to the human stomach makes it hardly perfect for 
reproducing conditions found in man. 

Since by the direct injection of a powerful carcinogen adenocarcinoma of the 
stomach has been recently produced in mice,’’ it is probable that some factor 
(time, aging’) other than mere species resistance is responsible for its uncommon 
spontaneous occurrence. Perhaps adenocarcinoma would be more frequent if 
enough animals of species closely allied to man could be kept alive to a sufficiently 
old age. Unfortunately, the lives of most laboratory animals are terminated in 
youth or middle age. Since it is far from certain that the physiologic aging rate 
in a short-lived species is actually proportionate to its life span, such animals 
cannot be considered satisfactory for reproducing the conditions under which gastric 
carcinoma occurs in man. 

The stomach is a gland-lined structure which is subject to powerful and rapidly 
changing influences. Besides the ever modified flow of gastric juice ** there is 
dumped into it at irregular intervals an endless array of all sorts of damaging 
agents. More the marvel, then, that after injury the mucosa can heal at all! 
Even after extensive ulceration total healing may take place in a period of ten 
days. How healing of the acutely damaged and the more gradually destroyed 
mucous membrane comes about is poorly understood. Experimentally produced 
defects of the mucous membrane over a large area may be completely repaired 
in the dog with replacement of the glands in a normal-appearing mucosa.*® The 
first part of the epithelium to regenerate contains glands made up only of mucous 
cells in the neck of the gland, and it is from these that the characteristic chief 
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and parietal cells grow. These cells remain after the more specialized secretory 

cells have been destroyed. Once the mucous membrane is seriously damaged it 

may not regrow, and even when new tissue which seems morphologically normal 

appears, it may be unable to return to a functionally active state. While it is 

possible that different types of cells regrow in different fashion,*° their ability to 

withstand the same amount of damage is not similar. Investigators are unin- 
rmed as to how extensive the lesions must be or what kind of damaging agent 
ust be applied to the glands before they stop secreting. In the chronically 
maged mucosa it has been concluded that various extrinsic factors are at play, 
nce the majority of altered cells may lie within the ducts or within the acini. 
ie predominant type of gastric cancer arises from cells which line the ducts, 
hough a small cell acinar cancer from the chief cells is also known. 


ABNORMAL CONDITIONS OF MUCOSA ASSOCIATED WITH CARCINOMA: 
THEIR POSSIBLE CAUSAL RELATIONSHIP 


\t the present juncture it is short sighted to expect carcinoma of the stomach 
arise de novo. It is now believed there are two conditions of the gastric 
1cosa from which the evolution of gastric cancer is constant, polyp ** and car- 
oma in situ.2* Then there is a group of conditions which may result in 
lignant changes, or which are most commonly associated with gastric cancer. 
As to polyp, Borrmann ** and others have given adequate descriptions of what 
now generally recognized as polyp with malignant transformation. One no 
iger questions the malignant potentialities of this lesion. Carcinoma in situ, or 
einvasive carcinoma, has been described from well authenticated cases by Mal- 
y,”* and previously by others. The validity of their classification must not be 
ubted because of discovery of an in situ lesion in a new site. Carcinoma in situ may 
accepted as the earliest discernible morphologic form, the development of similar 
alignant lesions having been worked out in other organs (Schiller ** and 
roders **). The prolonged time which may elapse before any form of carci- 
ma in situ becomes frankly invasive has been stressed by all authors who have 
ritten about it. 
A number of clinicopathologic studies substantiate the belief that there are 
ecancerous lesions of the gastric mucosa which may become malignant, such 
chronic gastritis, with or without achlorhydria and with or without pernicious 
nemia, and chronic ulcer. Of the two conditions chronic atrophic gastritis is 
ost commonly found associated with cancer as described in classic papers by 
onjetzny.*® He has been well backed by Orator,?® Stewart?’ and others.** 
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24. Broders, A. C.: Carcinoma in Situ Contrasted with Benign Penetrating Epithelium, 

A. M. A. 99:1670-1674 (Nov. 12) 1932. 
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Although chronic gastritis is a broad entity, its chief manifestations are heavy 
infiltration of chronic inflammatory cells into the mucosa and submucosa, atrophy 
and loss of glands and/or hyperplasia of glandular epithelium with cyst formation, 
and an increase in fibrous connective tissue in the two inner coats. All of these 
elements may vary except the atrophy and loss of glands. This is constant. Along 
with this and of more or less regular occurrence is achlorhydria. Although there 
are claims that there are no cases of carcinoma of the stomach in which free 
hydrochloric acid is present in the early stages of the disease and disappears in 
the later stages, this view is contradicted. Walters ** found that approximatel) 
one third of his patients with carcinomatous lesions of the stomach had symptoms 
characteristic of ulcer. It may be said that achlorhydria is the rule, except 
with growths which arise on the basis of chronic ulcer. Perhaps the hypoacidity 
of age is important. Popoff *° pointed out that it is uncommon to find normal 
production of acid in a person over the age of 35 and that 40 per cent of al! 
persons over 50 have a diminution of acid. He expressed the opinion that th 
progressive senile atrophy of the functional mucosa which develops with advancing 
age may be related definitely to gastric hypofunction and anacidity. All deviation: 
due to aging tend toward a decrease in pepsin and hydrochloric acid. Is this a pr 
conditioning factor? The usual topographic placement of adenocarcinoma in th 
stomach suggests secondary factors yet unknown. Although there have bee: 
extended studies directed at the production of pernicious anemia by means o 
various gastric resections,®*° there have been few attempts at induction of atrophi 
gastritis in animals. A spontaneous lesion strikingly similar to that in man ha: 
been observed in monkeys.** Chronic atrophic gastritis may not be too rare 
lesion in older animals of other species. 

The microscopic studies on chronic gastritis associated with carcinoma ** hav: 
not been done with the idea of comparing the lesion with the atrophic gastriti: 
of pernicious anemia.** The lesions appear to be similar ; however, Magnus pointe 
out differences.** It is held that the atrophic gastritis which accompanies pernicious 
anemia must destroy a large number of argentaffine cells before pernicious anemi: 
is manifest.*° It is not surprising that carcinoma may occur with pernicious anemia 
3ecause more extensive studies have been made on this type of gastritis, it has 
been possible to learn a great deal about the ability of the gastric mucosa to regen- 
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erate. The reports are at some variance. The most recent data tend to show 
regeneration in patients given liver therapy *°; the regeneration may or may not 
be complete, but it does cause regression of both the atrophy and the hyperplasia. 
Thus even an extensively damaged mucosa still carries in it the potentialities 
f rapid regrowth, a condition one would assume to be necessary for the origin oi 
yplasm. 
The argument that chronic ulcer gives rise to cancer of the stomach is an 
one. The greatest incidence has been assumed to occur in prepyloric ulcers, 
hough recent data tend to disprove the idea and to place the true incidence of 
lignant gastric ulcers between 10 and 12 per cent.*’ The clinicians with the 
adest experience usually conclude that a certain percentage of their patients 
h cancer of the stomach have a precedent history of chronic ulcer. There are 
oratory findings of hyperacidity to back this. Magnus ** and others have 
nted out that local gastritis particularly is a fairly constant occurrence in cases 
hronic ulcer. Here the mucosa is doubly damaged. Since this argument has 
ed so long, it is surprising that there is so little experimental proof. There are 
a number of ways to produce chronic gastric ulcer.** It would be a relatively 
ple matter to produce chronic ulcer and allow the necessary time for malig- 
it change. This experiment should be done. 
[he early literature reports that much time was devoted to studying the 
rotopic intestinal mucosal glands which occur commonly in the gastric wall. 
w it is believed that most of such abnormal structures are brought about by 
ietaplasia of the gastric glands resulting from faulty regeneration and that 
itively few carcinomas arise from true heterotopia.** 
Crucial experiments are needed to establish the positive relationship between 
conditions most commonly associated with gastric cancer and the cancer itself. 
may be possible to reproduce these conditions by arranging experimentally the 
vironmental factors thought to produce them. Those supposed environmental 


nts have served as a framework for the majority of experiments on gastric 
cer which have heretofore been done. 


ENVIRONMENTAL AND INTRINSIC FACTORS WHICH 
AFFECT THE MUCOSA 


The great majority of investigations on experimental gastric cancer are based 
n the use of agents thought to produce the disease. The clinical studies are to 
elucidated by experimental studies. 


36. Schindler, R., and Serby, A. M.: 
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Heredity.—Does the hereditary factor work through the failure of gastric secre- 
tion? The tendency to achylia gastrica which accompanies age may certainly be 
more strongly pronounced in certain families than in others. In cases in which 
the added gravity of pernicious anemia has caused the patient to seek medical 
attention such familial traits have been discovered.*® The most common finding 
has been the occurrence of 2 or more cases in the same family. None of these 
studies has ruled out what might be termed the “family eating complex.” Every 
family has unwritten but no less established rules which govern its eating habits. 
These may be an uncontrollable factor in studies of hereditary traits. It is not 
clear whether the hereditary transmission of gastric polyp is similar to that of 
polyp of the large intestine. If so, it may be said to be inherited.*° Experi- 
mentally it has not been practical to attack this aspect, simply because no strain 
of animal studied has a sufficient incidence of either polyposis or carcinoma. An 
adenomatous lesion in the I strain of mice has been reported.* 

Endocrine Glands.—Changes due to abnormality of the endocrine glands would 
be expected to be functional in character. Hyperthyroidism causes either hypo- 
chlorhydria or achlorhydria.*° Injections of solution of posterior pituitary produce 
ulceration of the gastric mucosa.*** This lesion in rabbits is intense engorgement 
and hemorrhage of the mucosa followed by acute necrosis of the entire acid-bearing 
area of the mucosa, with complete regeneration in about ten days. In a certain 
percentage of cases a chronic punched-out ulcer appears. This effect may be impor- 
tant in the genesis of ulcer. Schiffrin ** has shown by experiments on dogs that an 
injection of parathyroid extract produces a decrease in the volume and acidity o! 
the gastric contents. 


Neurofunctional Factors ——The classic case of Cushing launched: many experi 
ments on the effect of the midbrain on the stomach. The most extensive lesion 
obtained by destruction of the tuber nuclei are superficial erosions.** 

Secretory Studies—From the experimental standpoint what is there to explain 
the functional achlorhydria of gastric cancer? Achlorhydria can occur without 
morphologic evidence.*® Brunschwig ** was able to demonstrate a secretory depres- 
sant in the gastric juice of patients with pernicious anemia and carried the work 
further to show a potent depressant in the extracts of achlorhydric carcinomatous 
stomachs.** The need for a quantitative method to study this substance is sug- 
gested. Ivy’s quantitative enterogastrone method ** might be applied. Entero- 


39. Wilkinson, J. F., and Brockbank, W.: Importance of Familial Achlorhydria in Etiology 
of Pernicious Anemia, Quart. J. Med. 24:219-238, 1931. 

40. Dukes, C.: Hereditary Factor in Polyposis Intestini, or Multiple Adenomata, Cancer 
Rev. 5:241-256, 1930. 

41. Schiffrin, M. J.: Relationship Between the Parathyroid and Gastric Glands in the Dog, 
Am. J. Physiol. 135:660-669, 1942. 

42. Watts, J. W., and Fulton, J. F.: The Effect of Lesions of the Hypothalamus upon the 
Gastrointestinal Tract and Heart in Monkeys, Ann. Surg. 101:363-372, 1935. Hoff, E. C., 
and Sheehan, O.: Experimental Gastric Erosions Following Hypothalamic Lesions in Monkeys, 
Am. J. Path. 11:789-802, 1935. Keller, A. D.: Ulceration in the Digestive Tract of the Dog 
Following Intracranial Procedures: Preliminary Study, Arch. Path. 21:127-164 (Feb.) 1936. 

43. Brunschwig, A.; van Prohaska, J.; Clarke, T. H., and Kandel, E. V.: A Secretory 
Depressant in Gastric Juice of Patients with Pernicious Anemia, J. Clin. Investigation 18:415- 
422, 1939. 

44. Brunschwig, A.; Clarke, T. H.; van Prohaska, J., and Schmitz, R.: A Gastric Secretory 
Depressant in Extracts of Achlorhydric Carcinomatous Stomachs, Ann. Surg. 113:41-46, 1941. 

45. Ivy, A. C., and Gray, J. S.: Enterogastrone, in Cold Spring Harbor Symposia on 
Quantitative Biology, Cold Spring Harbor, L. I., New York, The Biological Laboratory, 1937, 
vol. 5, pp. 405-409. 
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gastrone is also an inhibitor of gastric secretion and motility.*° It is emphasized 


that further studies must be carried out on the physiologic effect of these sub- 

stances.*7 Other gastric secretory depressants have been isolated from the urine.* 

Grant’s *® and Babkin’s *° studies indicate clearly that there are inherent protective 

mechanisms in the stomach which guard against mucosal irritation. All of these 

experimental studies indicate the complexity of gastric physiology, which in abnor- 
| states is surely made even more complex. 

Exogenous Factors; Diet—The remainder of the factors may be conveniently 
rouped under the heading of diet. Studies on the effect of diet on the production 

sastric cancer in human beings do little better than give unquestionable indica- 

that extrinsic factors are of chief importance.** In these studies naturally 
it comes into consideration. The mechanical effect of hot food was studied by 

‘che.**? The importance of diet as a contributory factor and the need for studies 

this field was emphasized by the Gastric Cancer Conference.* The basis for 

se studies was established with Singer’s ** early experiments, by which he 
duced hyperplasia and ulcers in rats. Later work by Pappenheimer and Lari- 
re ** showed the possible relationship of lesions of the forestomach to dietary 
iciency but did not reveal which deficiency was responsible. The recent studies 

Morris and Lippincott *® purported to discover whether there are specific 

ary factors on which animals may be maintained a sufficient length of time 

produce papillomas or chronic ulcer and allow them to become malignant. In 
production of papillomas, amazingly enough, fasting and partial inanition were 

id to be of greater importance than loss of any one individual dietary substance. 

erficial ulcers were also observed during fasting and partial inanition. No 

lignant lesions were found. A number of observers have pointed out the 
duction of ulcers on a protein deficiency basis.** The most important study 
this group was done by Weech and Paige,®* who produced typical ulcers in the 

46. Kosaka, T., and Lim, R. K.: Demonstration of the Humeral Agent in Fat Inhibition of 

tric Secretion, Proc. Soc. Exper. Biol. & Med. 27:890-891, 1930. 

17. Quigley, J. P.: Enterogastrone-Significant Steps in Development of the Present Con- 

tions, Am. J. Digest. Dis. 8:363-364, 1941. 

48. Friedman, M. H. F., and Sandweiss, D. J.: The Gastric Secretory Depressant in Urine, 

J. Digest. Dis. 8:366-371, 1941. 

49. Grant, R.: Calcium in Gastric Mucus and Regulation of Gastric Acidity, Am. J. 

vsiol. 135:496-503, 1942. 

50. Babkin, B. P.; Hebb, C. O., and Krueger, L.: Changes in the Secretory Activity of 

Gastric Glands Resulting from the Application of Acetic Acid Solutions to the Gastric 

icosa, Quart. J. Exper. Physiol. 31:63-77, 1941. 

51. Bonné, C.; Hartz, H.; Klerks, J. V.; Posthuma, J. H.; Radsma, W., and Tjokro- 
egoro, S. I.: Morphology of Stomach and Gastric Secretion in Malays and Chinese and 
Different Incidence of Gastric Ulcer Cancer in These Races, Am. J. Cancer 33:265-279, 
1938. Footnote 13. 

52. Lerche, W.: A Contribution to the Etiology of Cancer of the Esophagus and Stomach, 

Surg., Gynec. & Obst. 23:42-54, 1916. 
3. Singer, C.: The Production of Ulcers of the Stomach in the Rat, Lancet 2:279-281, 


_ 
_ 


1913 

54. Pappenheimer, A. M., and Larimore, L. D.: The Occurrence of Gastric Lesions in Rats, 
and Their Possible Relation to Dietary Deficiency, J. Exper. Med. 40:719-732, 1924. 

55. Morris, H. P., and Lippincott, S. W.: Production of Gastric Lesions in Rats by 
Fasting, Partial Inanition, and Deficiency of Certain Dietary Constituents, J. Nat. Cancer Inst. 
2:459-477, 1942. 

56. Hoelzel, F., and DaCosta, E.: Production of Peptic Ulcers in Rats and Mice by Diets 
Deficient in Protein, Am. J. Digest. Dis. & Nutrition 4:325-331, 1937. 

57. Weech, A. A., and Paige, B. H.: Nutritional Edema in Dog: Peptic Ulcer Produced 


on Low Protein Diet That Leads to Hypoproteinemia and Edema, Am. J. Path. 13:249-256, 
1937. 
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gastric mucosa of dogs. There are also the many studies of Roffo*; these are 
extremely difficult to evaluate. By various experiments in which he fed irradiated 
cholesterol he produced widespread changes in the glandular epithelium. Some of 
the lesions showed dilated and atypical glands growing down into the muscularis. 
There were no metastases, and none of the growths went through the serosal coat. 
Specific vitamin deficiencies have been tested. The views of Wolbach and Howe ° 
are in conflict with those of Howes and Vivier *®; the latter believed that the 
bringing on of secondary deficiencies produced the lesion. Howes and Vivier 
produced the less common glandular lesions, but so far they have been nonmalig- 
nant. Functionally, a histamine-fast achlorhydria on a basis of thiamine deficiency 
has been shown to occur along with a macrocytic anemia in some patients.°° 

In discussing the many dietary experiments and the explanations which could 
be derived therefrom, the element of how irreparable the lesions produced really 
are is of first importance. If the mucosal changes will revert to normal. after 
resumption of a complete diet they cannot be considered malignant. This rever- 
sion was the common finding in most experiments. Yet the importance of changes 
which have been produced in the glandular stomach must not be overlooked. Ii 
they can be maintained through many years by the technic of partial inanition, a 
condition more closely approaching the human deficiency state would be approached 
The time is now at hand when it would be profitable to use the type of experi 
ments which produce glandular mucosal lesions and to keep the animals alive for 
a long period by intermittent feedings continued for too short a time to allov 
the mucosa to recover. 

Alcohol.—The role of chronic alcoholism in the production of chronic gastritis 
is still a matter of speculation. Berry ** has shown that attempts to produc: 
chronic alcoholic gastritis have had inconclusive results. A well controlled obser 
vation was made by Hirsch, who demonstrated petechiae in the mucosa but n 
true inflammatory cell infiltration. Gray and Schindler’s ** observations of chroni 
alcoholic addicts point up those of Berry. They showed that about one half « 
the subjects had no important gastric changes. In the remainder the change 
were superficial gastritis and atrophic gastritis or a combination of the two. Gra 
and Schindler could show no correlation between the amount of alcoholic intak 
and the extent of the gastritis. According to these observations it should bé 
possible to produce experimental chronic inflammatory changes in the gastric 
mucosa. If such experiments are performed, the importance of accessory dietar) 
factors should not again be underestimated. 


Bacteria, Bacterial Products, Viruses, Allergy—Cramer * did as nearly similar 
dietary experiments as possible a number of years apart. In one instance papil- 


58. Roffo, A. H.: (a) Bildung von Geschwiiren und bésartigen Geschwiilste im Verdauungs- 
apparat durch Einfiihrung von Nahrung mit bestrahlten Cholesterin, Ztschr. f. Krebsforsch. 
47:473-497, 1938; (b) Produccién de tlceras y tumores malignos en el aparato digestivo por 
la ingestion de alimentos con colesterina irradiada, Bol. Inst. de med. exper. para el estud. y 
trat. d. cancer 14:589-655, 1937. 

59. Howes, E. L., and Vivier, P. J.: The Relation of Diet to the Occurrence of Gastric 
Lesions in the Rat, Am. J. Path. 12:689-700, 1936. 

60. Williams, R. D.; Mason, H. L.; Smith, B. F., and Wilder, R. M.: Induced Thiamine 
(Vitamin B:) Deficiency and Thiamine Requirement of Man, Arch. Int. Med. 69:721-738 
(May) 1942. 

61. Berry, L. H.: Chronic Alcoholic Gastritis: Evaluation of the Concept with Gastroscopic 
Studies in One Hundred Cases, J. A. M. A. 117:2233-2236 (Dec. 27) 1941. 

62. Gray, S., and Schindler, R.: The Gastric Mucosa of Chronic Alcoholic Addicts: A 
Gastroscopic Study, J. A. M. A. 117:1005-1011 (Sept. 20) 1941. 

63. Cramer, W.: Papillomatosis in the Forestomach of the Rat and Its Bearing on the 
Work of Fibiger, Am. J. Cancer 31:537-555, 1937. 
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as were produced ; in the other, not. From this he postulated a virus as causa- 
ive agent. One may suspect a virus motivator for almost any lesion, but proof 
lifficult. 
t is known that the stomach is highly resistant to the usual bacterial agents. 
specific gastritis of tuberculosis °* and of syphilis * is known. The mechanism 
1e persistent achlorhydria which follows many pyogenic infections is not clear. 
msen ° noted that this was present even before the gastritis developed. There 
paucity of experimental studies which utilize the infectious factor. Hanke 
rted an erosive gastritis produced by diphtheria toxin. 
(he question of allergy as the inciting factor in chronic gastritis is occasionally 
sidered. Harten, Gray, Livingston and Walzer ®* have shown the unquestion- 
absorption of unaltered protein from the digestive tract, and this may have 
aring on the production of gastric ulcer. It is possible to produce a very 
ructive ulcer in the stomach by using the Arthus phenomenon.*** 
Finally, there is the question of the carcinogens in the production of gastric 
er.°® This subject was thoroughly reviewed up to 1940 by Klein and Palmer.* 
v concluded at that time that there had been no well defined adenocarcinomas 
he stomach produced by the application of carcinogens. Since then Stewart 
Lorenz *® have reported that by direct injection of a powerful carcinogen 
benzanthracene, methylcholanthrene) adenocarcinomas of the glandular stomach 
ice have been produced (fig. 1). Until this had been accomplished, there was 
siderable doubt as to whether or not cancer of the stomach could be produced 
any regularity in lower species. While the numbers in which neoplasms were 
luced are still not great (Stewart and Lorenz *® found 44 adenomas and 8 
ocarcinomas in 293 mice) they are enough to suggest that the method may be 
licable to larger animals. The control series did not show any spontaneous 
4. Broders, A. C.: Tuberculosis of the Stomach, with Report of a Case of Multiple 
rculous Ulcers, Surg., Gynec. & Obst. 25:490-501, 1917. 
5. Eusterman, G. B.: Gastric Syphilis: Observations Based on Ninety-Three Cases, 
.. M. A, 96:173-179 (Jan. 17) 1931. 
6. Thomsen, E.: (a) Etudes sur l’achylie neurogéne et cellulaire, Acta med. Scandinav. 
377-433, 1925; (b) Clinical and Experimental Studies of Gastric Juice, ibid. 82:311-328, 


7. Hanke, H.: Ueber experimentelle erosive (peptische) Gastritis durch Diphtheriotoxin, 

tr. z. path. Anat. u. z. allg. Path. 95:391-402, 1935. 

68. Harten, M.; Gray, I.; Livingston, S., and Walzer, M.: Studies in Absorption of 

digested Protein: II. Absorption from the Stomach and Esophagus, J. Lab. & Clin. Med. 
1: 54-58, 1941. 

69. At the beginning of the discussion of this subject it is necessary to take note that 

ny previous experimenters probably produced squamous carcinoma of the forestomach and 

en early adenocarcinoma of the glandular portion. However, their reports were not clear 

ugh to establish this absolutely and caused a deal of discussion about the criteria for 

mitting a particular experimental lesion to the ranks of a true adenocarcinoma. It would 
cem reasonable enough to accept the criteria that are usually used in human pathology and 

rtain others useful in experimental work. These are given by Klein and Palmer® as the 
irreversibility of the neoplastic properties of a lesion, in the absence of the extrinsic factor 
initiating the cellular change, and evidence to indicate a causal relation of the experimental 
procedure to produce the tumor. According to Mallory,?? it looks as if the cytologic diagnosis 
of gastric cancer may be made at an extremely early stage, and an attempt should be made to 
apply this early cytologic picture to experimental work. Adenocarcinoma of the stomach is a 
relatively slow growing neoplasm; and once the lesion is recognized, time for it to progress 
following any experimental procedure will be allowed. If necessary, biopsy or gastroscopic 
examination rather than the usual autopsy should be performed on experimental animals to 
follow the course of the disease. 

70. Stewart, H. L., and Lorenz, E.: Adenocarcinoma of the Pyloric Stomach and Other 


Gastric Neoplasms Induced in Mice by Carcinogenic Hydrocarbons, J. Nat. Cancer Inst. 3:175- 
189, 1942. 
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adenocarcinomas. This method of inducing adenocarcinoma would be extremely 
useful in early diagnostic work. Its importance lies in the proof that the application 
of a foreign substance to the gastric mucosa can produce an adenocarcinoma. 
Added interest derives from the finding that such adenocarcinomas possess little, 
if any, peptic activity." It is not likely that the production of an adenocarcinoma 























Fig. 1—A, section through an adenocarcinoma of the glandular portion of the stomach. 
There are invasion and destruction of muscularis, formation of a tumor nodule on the 
peritoneal surface, and an area of ulceration (x 9.6). 8B, sections from the peritoneal nodule 
of the adenocarcinoma shown in A (x 156). (From Stewart and Lorenz.7°) 


71. Greenstein, J. P., and Stewart, H. L.: Note on the Enzymatic Activity of the Trans- 
planted Adenocarcinoma of the Mouse Stomach, J. Nat. Cancer Inst. 2:631-633, 1942. 
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nely in the stomach by the use of such known environmental carcinogens would be 
tion applicable to our reasoning on the causation of gastric cancer in man. On the other 
yma. hand, once an adenocarcinoma is so produced it provides the usual possibilities for 
ttle, transplantation studies. 

oma EXPERIMENTAL APPROACHES 


It was hoped at the outset of this analysis that perhaps some new aspects might 
be discerned for use in the experimental solution of the problem of human gastric 
cancer. The considerations that have been discussed were essential to arriving at 
a -ound background for a study of causal genesis. 

From the standpoint of its occurrence in the human disease, it must be experi- 
nx ntally proved whether chronic gastritis is actually a precursor, a cause or simply 
ati associated state (fig. 2). It is realized that the question of this relationship 
sti!l certainly remains an open one. In reviewing the literature one cannot escape 
beng impressed by the studies which point out a positive association between the 

states. Evidence opposing the idea might be just as fruitful, from the experi- 

tal point of view, as affirmative evidence. If the association is proved, it is 
| necessary to think of why the neoplasm arises at a particular spot in a generally 


Cancer of the Stomach 
— 
ies dl ~ 
\ 
Primery States 


‘ 7. 2 
Carcinoma in situ Polyp Chronic gastritis Chronic ulcer Congenital 
(achlorhydria) heterotropia 


Unknown Factors 


Secondary factors Diet Beredity Alcohol Virus Infections 
Age Heat Bacterial Allergy 





Ww 
TIME FACTOR 


Fig. 2—Causal genesis of cancer of the stomach. The secondary factors represent points 


experimental attacks. Broken lines indicate that the relationship between the conditions 
ied and cancer of the stomach is still unproved. 


maged mucosa. This brings to mind that there may well be “‘secondary” factors 

ich are completely unknown and unconsidered (fig. 2). These factors one must 

ek among those of the environment which are already known. An atrophic 
gastric lesion and an unexplained gastric anacidity have been discovered in 
monkeys.** The anacidity occurs with approximately the same frequency as in 
man.** Both conditions should be extensively studied as to their causation, clinical 
manifestations and possible connection with cancer. Old animals should be culled 
iver fer a clinical and pathologic diagnosis of chronic atrophic gastritis. Given 
an animal with atrophic gastritis or a damaged mucosa, the environmental factors 
thought to produce cancer in man should then be brought to bear. The problem 
of the transition from chronic gastric ulcer to gastric cancer should be settled once 
and for all. It is understood that the necessary environmental agents will be used 
in powerful concentration once the chronic ulcers are produced. 


72. Schnedorf, J. S., and Ivy, A. C.: The Incidence and Permanence of Unexplained Gastric 
Anacidity in the Rhesus Monkey After Histamine and Mecholyl, with Hematologic Studies, 
\m. J. Digest. Dis. & Nutrition 4:429-432, 1937. 

73. Pollard, W. S., and Bloomfield, A. L.: Diagnostic Value of Determinations of Pepsin 
in Gastric Juice, J. Clin. Investigation 9:107-113, 1930. 
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The dietary studies which are yielding information should be continued as 
long time experiments. The much neglected bacterial and virus approach should 
be repeated or attempted with the modern methods now available. The production 
of adenocarcinoma by application of effective carcinogens offers real clinical aid 
to investigation of the early phases and progress of the disease. 

The experimentalist has generally remained unappreciative of the usefulness 
ot common laboratory procedures which are widely available for study of the human 
disease: biopsy, gastroscopy and determinations of free and combined hydrochloric 
acid, pepsin and rennin and enterogastrone. By their application one could follow 
more capably the experiment’s course and avoid the killing of the animals. Lim ** 
has worked on histogenic detail, and Ferguson *® has confirmed previous work on 
regrowth following acute trauma. There is dire need for similar studies after 
chronic trauma by use of dietary variables and addition of damaging agents. There 
is always use for morphologic evidence correlating changes in the mucous mem- 
branes away from the site of a tumor with studies of the type of tumor and clinical 
studies. Taking multiple sections, even in questionable cases, may lead to fuller 
knowledge of the earlier phases. Fundamental anatomic and physiologic obser- 
vations on older animals are needed. If there is a true difference between the 
gastritis which accompanies cancer and that associated with pernicious anemia, the 
distinction should be worked out. 

SUMMARY 


The belief is coming to be accepted that long time factors are involved in th: 
production of human gastric cancer, and it is assumed that these time factors wil! 
have to be duplicated experimentally. It is clear, too, that there is a better chanc 
of producing gastric cancer with the environmental agents considered to be 
responsible in man if these agents are used to simulate those conditions of the 


gastric mucosa most commonly found associated with human gastric cancer, i. € 

polyp, chronic gastritis and ulcer. Spontaneous achlorhydria and atrophic gastritis 
in monkeys are known, and polyps have been produced in rats by dietary deficienc: 

Morphologic and detailed functional data may now be secured without killing tl 

animal. These ideas lend hope for a closer grasp of the causation of human 
gastric cancer. 


National Institute of Health. 
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PATHOLOGY OF CARCINOMA OF THE STOMACH 


ARTHUR PURDY STOUT, M.D. 


NEW YORK 


When such a large and controversial subject as the pathology of carcinoma of 
the stomach is compressed within the confines of a short essay, the writer must 
of necessity curtail discussion of disputed topics and delete everything which 
does not seem to be of paramount importance. As a result of this policy the 
following account deals only with those phases of the subject which can be 
regarded as of importance in diagnosis and treatment and expresses chiefly the 
personal views and experience of the writer. Practically no mention of other 
authors is made in the body of the text, but a few selected references are 
appended. I recommend the fine monograph of Konjetzny and in particular that 
o! Gutmann, Bertrand and Péristiany, which are mines of information. The 
material on which this article is based consists of 225 resected gastric carcinomas 

| 185 autopsies, 42 of which were made on persons whose stomachs had pre- 

usly been resected. 
THE PRECANCEROUS STOMACH 


It would be of the utmost importance if it were possible to know and recog- 
e exactly what anatomic and physicochemical changes take place in the stomach 
ceding the development of cancer, but as yet little definite information exists. 
few facts are generally recognized. A small number of cancers develop in 
enomatous polyps, and it seems proper to regard these benign tumors as pre- 
icerous hyperplasias. But they are rare and must account for very few gastric 
\cers. 
The relationship of cancer to chronic peptic ulcer of the stomach is a much 
bated one. The writer is one of those who believe that cancers can form in 
margin of a preexisting chronic ulcer and that such tumors differ from 
erated cancers. In the five year period from 1937 through 1941, 13.4 per cent 
| of 82 cases) of the gastric cancers resected had developed at the margins of 
eexisting ulcers. Probably a larger percentage than this are preceded by ulcers, 
ice in advanced stages it is no longer possible to recognize the peptic ulcer 
ter it has become overgrown by cancer. In addition to this, peptic ulcers are 
ometimes found in stomachs which have cancers in other parts. Whatever one 
may believe about the relationship, it can be regarded as certain that whatever 
factors lead to the development of peptic ulcers are at least not unfavorable to 
the development of gastric cancer. 

It is popular to believe that cancer never develops in a normal mucous mem- 
brane but always in a stomach which has been chronically inflamed. The infor- 
mation existing about this subject is exceedingly nebulous and conflicting. This 
is so not only because the stomach is not an organ which lends itself easily to 
biopsy, so that very few histologic observations have been made on the gastric 
mucosa before the development of cancer, but because the criteria of what con- 
stitutes gastritis are not established, but vary according to the personal preju- 
dices of different observers. If one strips away the hopelessly confusing use of 


the adjectives “atrophic” and “hypertrophic” and retains only descriptive phrases 


From the Surgical Pathology Laboratory, College of Physicians and Surgeons, Columbia 
University, and the Department of Surgery, Presbyterian Hospital. 
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and sentences, it appears that in some persons the mucous membrane of the 
stomach suffers a change which tends to increase the mucous cells of its glands 
at the expense of the chief and parietal cells (fig. 1). The transformed glands 
tend to approximate the appearance of intestinal glands and in addition may show 
cellular irregularities. Such changes may be associated with thickening or thinning 
of the gastric mucosa, and inflammatory cells may vary in their number and kind 
or be absent. If thickening is exaggerated it may even be polypoid in nature. 
Except in extreme cases this change is not uniform throughout the stomach, but 
patchy. In this respect it resembles the patchy hyperplasia of mammary duct cells 
in the subclinical form of chronic cystic disease of the breast. Stomachs with 














Fig. 1—Chronic gastritis. There has been a complete disappearance of chief and parietal 
cells with replacement by columnar cells of mucus-secreting type, so that the gastric mucosa 
here looks like intestinal mucosa (see figs. 2 and 8). 


cancers in them not infrequently show this type of mucous membrane, and there 
is some reason to believe that it may be regarded as a potential precancerous 
change. But I should like to testify that I have been unable to predict this micro- 
scopic change from the gastroscopic appearance or the postoperative gross aspect 
of the gastric mucosa. It has been pointed out that this type of mucous mem- 
brane is regularly found in pernicious anemia and that the gastric cancer rate in 
pernicious anemia is higher than its expectancy in the population. But too much 
importance should not be attached to this. There are 225 resected gastric cancers 
in the group discussed in this paper, and only 1 patient was known to have had 
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pernicious anemia. As Jenner pointed out, the important lesion is the disappear- 
ance of the chief and parietal cells and their replacement by mucous cells, which 
may lead either to pernicious anemia or to gastric carcinoma. If this is true one 
need not be surprised to find both pernicious anemia and gastric carcinoma coin- 
ciding in the same individual. 
It should be emphasized that it is really entirely unknown and unproved 
hether or not there is a sequential relationship between this so-called chronic 
stritis with its glandular changes and gastric carcinoma. 


THE ONSET OF CANCER 
The great majority of gastric carcinomas are derived from the mucus-secreting 
s of the mucosa. An insignificant number come from heterotopic pancreatic 
t and intestinal mucous cells in the stomach, and a few carcinoids develop from 
basigranular cells of the gastric mucosa. The pyloric end of the stomach is 
st frequently affected, and more tumors begin on the superior half of the 
mach than on the inferior, but no part is exempt, including the fundus and 
cardia. When cancer cells are grown from an explant in vitro in a uniform 
lium, they tend to spread from it in all directions at a relatively uniform 
ed, so that if nothing interferes a sphere is formed with the explant in the 
ter. When cancer grows from a focal point or points in the stomach, factors 
ut which little or nothing is known operate to inhibit the growth in some 
‘ctions and favor it in others. Thus one finds some cancers projecting into 
lumen while there is but little penetration into the wall, others penetrating 
ugh the wall directly without projection and a third group in which growth 
hiefly along the wall paralleling the surface. Some cancers are associated with 
eration from the start; in others it may come either as a late manifestation 
| still others may never ulcerate. The formation of fibrous tissue is another 
iable which has an important effect on the appearance of the cancer. A detailed 
scription of the gross forms of cancer appears in a later section. Here it seems 
ortant to stress the variations in directional growth in different carcinomas 
| to repeat the warning that one may look for cancers in stomachs with gastritis, 
ptic ulcer or adenomatous polyps. 


HISTOPATHOLOGY OF GASTRIC CARCINOMA 


It has already been stated that almost all gastric carcinomas are derived from 
lie mucus-secreting cells of the stomach. When these cells proliferate as can- 
cers the cells may produce relatively well formed tubules lined by columnar cells 
with basally oriented nuclei, or they may appear as solitary rounded units, non- 
coherent, undifferentiated, without secretional activity and apparently expending 
all cellular energy in reproduction (fig. 2). Between these two extremes all 
gradations exist. Functional activity may be on an orderly basis with mucus 
formed in the luminal pole of a cell lining a cancer tubule and subsequently 
excreted into the lumen of that tubule, or it may be atypical in either one of two 
different ways. The mucus may be secreted in great quantities, so that the cells 
producing it may appear inundated by it, or otherwise undifferentiated rounded 
cells may secrete mucin, which remains within the cell body distending it and 
flattening the nucleus against the cell capsule, thus forming a so-called signet ring 
cell. These aberrations of growth are quite likely to appear in all of the hitherto 
described variations in different parts of the same tumor. It is quite rare to find 
a carcinoma which is relatively well differentiated, so that it displays some secre- 
tional activity in all of its ramifications, and equally rare to encounter a completely 
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undifferentiated one. Usually the tumors vary in different parts. In my experience 
attempts to predict the degree of malignancy, the rate of growth and the probable 
success or failure of surgical treatment based on cellular differentiation alone are 
of very little value when applied to an individual case, although some small per- 
centage of difference may appear in large groups, testifying to the general truth 
of the principle that tumors composed of cells which devote most of their ener- 
gies to reproductive activities are apt to be faster growing and more rapidly 
invasive than those composed of cells which divide their time between reproduction 
and functional activities. 

















Fig. 2.—Carcinoma of the stomach, superficial spreading type. The carcinoma cells have 
destroyed and replaced all of the mucosa except a few deeply placed glands lined with columnar 
cells (see figs. 1 and 8). 


The microscope can best be employed in the study of gastric neoplasms first 
for determining whether or not a lesion is a carcinoma. If it is a carcinoma the 
direction and extent of the spread and the relation of tumor cells to blood and 
lymphatic vessels and lymph nodes furnish far more valuable information than 
attempts to determine the percentage variation of differentiated and undifferen- 
tiated cells. The most highly differentiated tumor can kill just as effectively as 
an anaplastic growth if it is not all removed. Moreover, I feel it is not only a 
waste of time but also deceptive to attach histologically descriptive adjectives and 
prefixes to gastric carcinomas. Who is to determine what proportion of tubules a 


carcinom 
must be 
noma? | 
importan 
bearing ¢ 
The ¢ 
worth ne 
formed, ° 
rojects 
tumo 

t thicke 
fibrosis ¢ 
greé 

ptic ul 

| is 
oniz: 
pylo 
osis. 
The 
cess 
irs 1 
veen 
nce 

ic u 
ina 
venel 
sent 
illari 
iistance 
1e a 
vays 
chi 

ies a 
nstan 
inflamn 


In t 
t care 
tant gt 
under : 
cinoma 

A: 
with d 
portior 
filling 
wall uw 
all tun 
becom 
tion 0} 
comme 
cent a 
rate o 








STOUT—CARCINOMA OF STOMACH 811 


carcinoma shall form before it is to be called adenocarcinoma? How much mucin 

must be secreted in order that a tumor shall be called a colloid or mucoid carci- 
ina? Far more valuable is it to describe the gross forms of cancer, since it is 
portant for diagnostic procedures to know these and since they also have some 
aring on prognosis. They will be described in the next section. 

[he growth of carcinoma in the stomach is accompanied by certain phenomena 
rth noting. As the tumor cells multiply there is always a fibrous framework 
‘med, which furnishes a support for them. In that portion of the tumor which 
jects into the lumen, this process is usually not very conspicuous, but where 
tumor penetrates the gastric wall the amount of fibrous tissue is much greater. 
thickens the various coats and separates the muscle bundles, and the process of 
rosis extends well out beyond the periphery of the tumor. It is not, however, 

greater, and is sometimes less, than the fibrosis of the gastric wall about a 
tic ulcer. In the linitis plastica type of gastric carcinoma, fibrosis of the gastric 
| is paramount, and the widely scattered cancer cells may be difficult to 
ienize. If, as frequently occurs, the carcinoma approaches or actually involves 

pylorus, the ring may be greatly narrowed and the lumen constricted by this 

OSI1S. 

[he smooth muscle coats may eventually be destroyed by cancerous growth, a 

ess which can occur even without ulceration. But long before destruction 
irs the muscle is thickened, not only by the interposition of fibrous tissue 
veen the bundles but by an actual hypertrophy. This can occur even in the 

nce of both pylorospasm and pyloric obstruction. The same process occurs in 
ic ulcer. 

linally, it should be noted that in the presence of cancer the gastric mucosa 
senerally abnormal and disturbed. An inflammatory cell infiltration is usually 
sent even if there is no ulceration, “nd dilatation and engorgement of the 
illaries account for the reddening which is so common. Except in the rare 
ance of a carcinoma developing on the basis of a complete mucosal atrophy, 
ie acid-secreting cells are present and functioning. Mucus-secreting cells are 
vays present and active, and their number may be increased at the expense of 

chief and parietal cells, so that the appearance of the gastric mucosa some- 
es approximates that of intestinal mucosa (fig. 1). But this is by no means 
nstant, and many times the gastric mucosa appears unchanged except for 
Hlammation. 

THE GROSS TYPES OF GASTRIC CARCINOMA 


In the preceding section, the microscopic appearance and growth characteristics 
carcinoma have been described in such fashion that the clinically more impor- 
gross forms of cancer may be better understood. These will be described 
iider four main heads: fungating carcinoma, ulcerated carcinoma, spreading car- 
inoma and carcinoma of no special type. 

A: Fungating Carcinoma.—In this type growth is principally into the lumen, 
with delayed and restrained penetration into and along the stomach wall. The 
portion in the lumen is large and often like a cauliflower. It produces a large 
filling defect with not a great deal of thickening and deformity of the stomach 
wall until rather late in the course of the disease (fig. 3). Many but by no means 
all tumors of this type tend to form partly differentiated tubules. The growth 
becomes superficially eroded on the surface, but extensive and destructive ulcera- 
tion of the projecting tumor producing a niche in the filling defect is not very 
common. It is unfortunate that these fungating tumors form only about 10 per 
cent of all gastric cancers, because as a class they metastasize slowly, and the 
rate of five year cures following resection is better than 50 per cent. 
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B: Ulcerated Cancer.—A description of the ulcerated cancers is not as simple 
as that of the fungating tumors; first one must distinguish primary ulcerated 
tumors from other types which undergo ulceration as a secondary phenomenon; 
next, the primary ulcerated cancers which are ulcerated from the beginning from 
those which form in the margins of preexisting peptic ulcers, and, finally, the 
ulcers which occur in superficial spreading carcinoma from those which occur in 
deeply penetrating cancers. Most of these can be differentiated on the basis of 
gross structure, but with the last group differentiation requires the assistance of the 
microscope. 

The ulcerated cancer is recognized now much more frequently than it was 
twenty years ago, probably because the modern ability to diagnose early cancer is 
so greatly improved. Ulcerated cancers formed only 11.7 per cent of all the gastric 
cancers resected at the Presbyterian Hospital in the quinquennial period from 
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Fig. 3—Carcinoma of the stomach, fungating type, in a woman aged 68 years. TI 
stomach has been opened along the lesser curvature and the tumor is on the greater curvatur 
with the pylorus at the left. Below is a cross section showing that the tumor has invaded the 
submucosa but not the muscularis. The mucosa of the stomach appears flattened because it was 
stretched out and pinned before fixation. There is no atrophy. The patient was well forty-nine 
months after operation. 


1916 through 1920, whereas in the six years from 1936 through 1941 they formed 
35.2 per cent. 

The primary ulcerated cancer seen on its mucosal aspect is a rounded, rather 
shallow ulcer, concave like a saucer with shelving edges. It penetrates a short 
distance into the submucosa or inner muscle coat but does not reach the subserosa. 
The ulcer bed is covered with an irregular necrotic membrane, and its margins 
appear irregularly nodular and reddened instead of having the appearance of simple 
inflamed mucosa as in peptic ulcer (fig. 4). This irregularity may be limited to 
the immediate vicinity of the ulcer or may extend far outward from it. In advanced 
stages the area of ulceration may reach a diameter of several centimeters and the 
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surrounding cancerous mucosa may become elevated as much as 1 cm. or more. 
The stomach wall beneath the ulcer is thickened by fibrous tissue and by cancer 
cells which are found in all parts of the ulcer bed and penetrate to the subserosa. 
Seen from the outside, the region of the cancer is often puckered and scarred and 
may be reddened by extravasations of blood. If the ulcer has formed in a super- 
ficial spreading type of cancer, it has the same mucosal aspect, but the ulceration 
does not penetrate deeper than the submucosa. Since the submucosa may be greatly 
thickened by edema and fibrosis, the ulcers can be 3 or 4 mm. deep without 
reaching the muscularis. 


The appearance of a carcinoma which has formed in the margin of a peptic 
ulcer is different. Seen from the mucosal surface, the ulcer appears deep and 




















—— 





Fig. 4.—Ulcerated carcinoma of the stomach in a woman aged 37 years. The appearance 

the ulcer is characteristic. It is shallow with sloping edges and nodular thickening of the 
irrounding mucosa. The tumor and ulcer are on the lesser curvature with the pylorus at the left. 
lhe patient died twenty-eight months after gastrectomy. 


punched out, with precipitous walls, and is surrounded by a mucosa which tends 
to overhang the edges of the defect. There is the same or even greater fibrosis 
of the gastric wall. The chronic peptic ulcer always penetrates through all of the 
coats of the stomach, and its base rests on scar tissue outside the gastric wall 
(fig. 5). If such an ulcer heals it leaves a recognizable scar, since the smooth 
muscle is not regenerated. When cancer forms at the margins of such an ulcer 
the cancer cells tend to penetrate through the gastric wall and along it away 
from the ulcer, but apparently the scar tissue of the ulcer bed is an unfavorable 
medium for the growth of cancer cells, for they are seldom if ever found in it. 
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Those who deny that carcinomas ever form in preexisting peptic ulcers explain 


the appearance just described as the result of complete central destruction of a 


preexisting carcinoma by the process of ulceration. I do not agree with this 





pict 
eren’ 
uode 
lhe 
he s 


ear 








Fig. 5.—Peptic ulcer of the stomach with carcinoma in a man aged 64 years. Characteristi 


appearance with deep penetration and overhanging mucosal edges on the lesser curvature 
the stomach of a man, who had had typical ulcer symptoms for two years. The appearance « 
the surrounding mucosa does not permit one to suspect the presence of a carcinoma whi 


had penetrated the gastric wall away from the ulcer bed and killed the patient nineteen mont! 
after resection. 

















Fig. 6—Peptic ulcer (ieft) and ulcerated carcinoma (right). Both lesions are on the lesser 
curvature at the pylorus. Both are large and shallow and have irregular margins. From the 
gross appearance it is impossible to know which is which. The patient who had the ulcer and 


| 
. : . bottle 
the patient who had the carcinoma are both well, the former ten years and the latter five years a 
after resection. stiffer 


know1 


subse 
viewpoint. It is sometimes impossible to distinguish this type of ulcerated cancer 


vals 1 
from simple peptic ulcer (figs. 5 and 6). One may suspect the presence of cancer 
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e surrounding mucosa is irregularly nodular with uneven elevations, particu- 
if this change extends outward for an appreciable distance from the margin 
he ulcer, but there are no reliable criteria which will enable one in every 
to distinguish between peptic ulcer with and without cancer. It is also 
issible to tell by inspection or palpation whether the carcinoma is superficial, 


ading outward in the mucosa or submucosa alone, or whether it is a deeply 


etrating tumor. It seems useless to speculate on how frequently carcinoma 
s at the margins of a peptic ulcer, because it is only in the relatively early 
es of the growth that one can feel confident of the relationship. To complete 
picture it must also be stated that carcinoma and pepic ulcer can coexist in 
ditferent parts of the same stomach, and I have even observed in one specimen 
, \uodenal ulcer on one side of the pylorus and a carcinoma on the other. 
[he ulcerated cancer is relatively more favorable for treatment than is cancer 
he stomach in general, even though regional lymph node metastases are found 
early half the cases. Of 15 patients treated by resection in the quinquennial 











ig. 7.—Linitis plastica type of gastric carcinoma. The stomach has been opened through 
anterior wall with the pylorus at the left. The entire gastric wall is thickened by fibrous 
e containing widely scattered cancer cells. The mucosa is intact and free from gastritis. 


riod from 1935 through 1940, 5 have died of cancer or are alive with evidences 
its persistence, and the other 10 are free from evidences of disease from two to 
er five years after resection. No doubt this is because of relatively early recog- 
tion and prompt operation. It should also be noted that postoperative deaths in 
e cases of ulcerated cancer are no more numerous than deaths following resection 
‘ peptic ulcer. 

C: Spreading Cancer—There are two forms of cancer in which the tumor 
spreads chiefly along the gastric wall. One is well known by name but is so rare 
that few people have seen it. The other is much more common but is less well 
known because infrequently described. The rare form is linitis plastica, or leather 
bottle stomach. In this peculiar condition the entire stomach gradually becomes 
stiffened by fibrous tissue which forms chiefly in the submucosa, muscularis and 
subserosa. The mucosa remains practically intact (fig. 7). Scattered at wide inter- 
vals in the fibrous tissue can be found a few isolated cancer cells almost obscured 
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by the predominating fibrous tissue. Such tumors are curiosities. I have examined 
only 1 genuine example (fig. 7), and this was not included in the Presbyterian 
Hospital series but was sent to me from another hospital. 

The other form is quite different and much more important. In this interesting 
lesion the neoplastic growth starts as usual in the mucosa and spreads in it, 
usually penetrating the muscularis mucosae but not going deeper into the gastric 
wall until a wide surface area has been covered. In one stomach 54 sq. cm. of 
the mucosa and submucosa had been involved without any penetration into the 
muscularis. In a few tumors of this type the mucosal involvement is not con- 
tinuous but patchy, with free areas between the patches. Tumors with multiple 
areas of superficial mucosal involvement and without penetration of the muscularis 
mucosae or lymphatics are sometimes called cancer in situ, the connotation being 
that cancer has begun in a number of different areas at the same time. This is 














Fig. 8.—Superficial spreading type of gastric carcinoma in a Negro woman 55 years ol 
Anorexia, loss of weight, nausea and weakness had been noted for six months. There was 
considerable reduction in acid setretion, and the roentgenogram revealed a filling defect. T! 
stomach has been opened along the greater curvature with the pylorus at the left. The tum 
appears as a thickening of the mucosa in the antrum extending to the pylorus without ulceration 
or deep penetration (see figs. 1 and 2). 


purely a speculation and has not been proved. Superficial spreading cancer (01 
slowly progressing superficial erosive cancer, as it has been called by Gutmann 
and Bertrand) as observed in the material from the Presbyterian Hospital is 
generally associated with peptic ulcer or else includes superficial bowl-shaped ulcer 
whose bed reaches the submucosa but does not go deeper. The gross charac- 
teristics are the same as have already been described for the ulcerated cancers, 
although often the mucosal irregularities extend farther outward from the ulcer 
margin than in those tumors which tend to penetrate at once through the gastric 
wall. In only 3 instances have broad areas of superficial involvement been observed 
without any ulceration (fig. 8). Although these tumors remain superficial for a 


long time 
to the no 


cases. Ne 


g. Y¥- 
shor 
ving 


do li 


Fig. | 
is at the 
with pro 


nodes. 


terian | 


Since | 





STOUT—CARCINOMA OF STOMACH 817 


long time, seemingly they penetrate into the lymphatics with ease, for metastases 
to the nodes along the upper and lower curvatures were found in nearly half the 
No case of this type was observed in the surgical material at the Presby- 


Cast 

















. 9—Carcinoma of the stomach of no special type in a man aged 42 years. 


The photo- 
shows the anterior half of stomach with the pylorus at the right. 


A very extensive tumor 
ving most of the gastric wall but with mucosal projections and extragastric invasion 
do linitis plastica) with extensive metastases. Death followed operation. 











Fig. 10.—Carcinoma of the stomach of no special type in a man aged 65 years. 


The pylorus 
is at the left. 


There is extensive carcinoma surrounding the stomach and involving all coats 
with production of hourglass deformity and metastases to superior and inferior gastric lymph 
nodes. The patient died after operation. 


terian Hospital before 1937. Since that time there have been 18 cases recorded. 
Since 15 of these cases were of ulcerated cancer, it may be assumed that the 
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prognosis for resection with this form of cancer is approximately the same as 
with ulcerated cancer. In all of the cases from the Presbyterian Hospital the 
patients survived operation, and so far only 5 of them have died of cancer or are 
alive with known persisting disease. The rest are alive and apparently well. 

D: Carcinoma of No Special Type.—Approximately half of the gastric cancers 
removed in the last five years had grown in such a fashion that it is not possible 
to assign them with assurance to any of the aforementioned types. In general 
they were late cancers. Invariably they had penetrated to the subserosa, had 
extended along the wall and projected into the lumen in varying degrees. Many 
of them were ulcerated, and the majority involved the complete circumference of 
the mucosa, especially if they were in the pars pylorica. In some cases growth 




















Fig. 11.—Carcinoma of the stomach of no special type in a woman aged 59 years. A larg 
carcinoma involving the entire circumference in the distal end of the stomach showed 
tendency to extend outside the gastric wall where it formed a nonadherent mass. Death fro: 
cancer occurred four months after operation. 


may be exaggerated in one plane so that it simulates a type. There are for instance 
cancers which approximate the linitis plastica type (fig. 9), but because growth 
has also taken place in other directions as well as along the stomach they cannot 
be so called. In fact cancer can produce almost any deformity of the stomac! 
that can be imagined (figs. 10 and 11). This group is not difficult to diagnose, 
but since most of the tumors are in an advanced stage not many of them are 
eradicated by gastric resection. In the Presbyterian Hospital group 70 per cent 
of the patients with cancer of this type had metastases to regional lymph nodes, 
and the five year symptom-free salvage rate was only 10.6 per cent. 
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THE SPREAD AND METASTASIS OF GASTRIC CANCER 
Like other carcinomas, gastric cancer spreads to other tissues by direct growth 
by metastasis through the lymphatic system and blood vessels. The first 
nethod carries it into the duodenum, the esophagus, the gastrohepatic and gastro- 
lic omenta, the pancreas, the diaphragm, the transverse colon and the liver. 

e lymphatic spread reaches first the lymph nodes along the greater and lesser 
rvatures and later the other nodes farther afield, and the blood stream carries 

tumor cells first to the liver and then to many other parts of the body. 

small number of gastric cancers remain localized to the stomach itself. In 143 
topsies in cases of gastric cancer in which resection had not been done 15, or 
5 per cent, of the tumors had neither metastasized nor extended outside of the 
mach wall. Eleven others were limited to the immediate vicinity of the stomach 

had no metastases but had invaded the duodenum, and 10 showed metastases 
gastric lymph nodes only). Thus 26 patients, or 18 per cent, died while their 
ncers were still in a theoretically operable status. This may be compared with 

0 per cent freedom from metastases to gastric lymph nodes in resected stomachs. 

lhe limits of this paper do not permit an extended analysis of the metastases, 

certain facts of interest to the surgeon and the diagnostician must be mentioned. 

e liver contained metastases in 70, or approximately half, of the cases in which 
opsy was performed. The peritoneum, omentum and mesenteries contained 
tastases in 61 (42.6 per cent) and the lungs and pleuras in 47 (32.8 per cent). 
iny other organs and tissues received metastases, but in ‘much smaller numbers. 
ier sites found involved where metastases might become problems of dif*eren- 

diagnosis included: supraclavicular and cervical lymph nodes, 12 cases (8.4 
- cent) ; ovaries, 20 (14 per cent) ; bones (sternum, vertebrae, rib), 16 (11.2 per 
t); pharynx, 4; thyroid, 3; umbilicus and subcutaneous tissues, 1 each, and 
ninges, 1 (26 brains examined). 

In addition to the 143 autopsies on patients who had not had radical operation, 
re are records of 42 more autopsies on patients on whom gastrectomy had been 
rformed, 34 who died postoperatively and 8 who died after a lapse of 6 or more 
mths. In only 4 of the 34 patients who died postoperatively did the autopsy 
veal evidence of a persisting tumor, in 1 locally and in 3 others with metastases. 
' the 8 other patients, 1 who had had a fungating tumor showed no evidence of 
ncer when he died of an enteric infection four years after gastrectomy. In another 
itient, who had had a fungating tumor resected nearly twenty-three years before 
s death, a new and independent undifferentiated carcinoma apparently developed 
the portion of stomach remaining. Of the other 6 patients, 3 had widespread 
etastases but no local neoplasm, and the other 3 had local recurrences but no 

metastases. None of the recurrences was in the duodenal stump. 

The method of invasion of the duodenum by gastric carcinoma is of consider- 

ble interest. When it occurs the tumor cells may be found in any of the outer 

coats, which offer no special barrier, but the mucosa is scarcely ever involved 
tor a distance of more than 1 or 2 mm. beyond the pylorus. This fact and the 
great rarity of primary carcinomas of the first portion of the duodenum have 
been the cause of much fruitless speculation. 

These records suggest that there are many patients with cancer of the stomach 

who might have been saved by earlier operation and a lowering of operative 
mortality. 


} 


LESIONS OF THE STOMACH SIMULATING CARCINOMA 


The close resemblance between peptic ulcer and ulcerated carcinoma and the 
fact that carcinoma can start in the margin of a peptic ulcer and that the two 
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lesions can coexist in different parts of the same stomach have already been dis- (fig. 12 
cussed, and it is unnecessary to do more than reiterate that no absolutely reliable is expo: 
criteria exist for distinguishing grossly between the two. of the 
Exaggeration and irregularities of the mucosal folds due to vitamin deficiency stomacl 
(fig. 12.4) or gastritis may simulate carcinoma, especially if they are found in examin 


association with ulcers. Hypertrophy of the pyloric muscle occurring in an adult 
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Fig. 12.—A, hypertrophy of mucosal folds of the stomach due to nutritional deficiency? A 
man aged 62 years had suffered for five months with anorexia and semistarvation after extraction 
of teeth. There was no free hydrochloric acid. A diagnosis of fungating carcinoma was made 
from the roentgenogram. There was no carcinoma but marked gastritis, exaggeration of 
mucosal folds and hyperplasia of mucous cells. B, Hypertrophy of the pyloric muscle without 
ulcer or cancer in a Negro aged 45 years. There were rapid loss of weight and low gastric 
acidity. From the roentgenogram the lesion was diagnosed as probable carcinoma. The 
photograph shows the posterior half of the stomach with the pylorus at the left. There is 
marked thickening of the muscularis, especially along the greater curvature. The mucosal 
folds are thickened, and microscopically there is gastritis with some increase in goblet cells. 
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(fig. 12 B) and not associated with ulcer may feel like a tumor when the stomach 
is exposed at operation but not after it has been opened so as to permit inspection 
the mucosal surface. The fibrosis, deformity and sometimes ulceration of the 
tomach associated with syphilis may also simulate carcinoma until microscopic 
<amination proves its absence. 

Of the other gastric neoplasms, lymphosarcoma can most easily be confused 
ith carcinoma. Like carcinoma, this neoplasm may manifest itself in a number 
different forms. The commonest is the appearance of bulky nodular submucous 
isses which project into the lumen and simulate fungating cancer. If the over- 

ing mucosa is not ulcerated one may suspect lymphosarcoma, but if it is ulcerated 
e cannot be sure. In 


a second form the tumor remains small and invasive with 
tendency to ulcerate, 


which sometimes leads to acute perforation. This type of 
\iphosarcoma cannot grossly be distinguished from carcinoma. In a third, and 
er, form the tumor tends to extend in the submucosa, producing tremendous 
ckening of the mucosal folds, and finally may form multiple submucosal plaques. 
ithout the aid of the microscope these forms cannot be diagnosed with any 
vree of assurance. 

The smooth muscle tumors are more easily distinguished because of their 
ooth outlines, their intramural position with a tendency to produce hourglass 
nors and the frequency with which the endogastric projection becomes hollowed 

by a sharply defined excavation. The tumors are not as a rule associated 
th fibrosis or gastritis. 

Benign adenomatous polyps can be distinguished from fungating carcinomas 
ause they do not infiltrate through the muscularis mucosae and are not asso- 
ited with fibrosis. Hence they are freely mobile and do not interfere with 
ristalsis. 


SUMMARY 


The pathology of gastric cancer has been presented in a summary fashion 


phasizing those features which can be considered important in the diagnosis 
d treatment of this disease. Attention has been focused on the precancerous 
mach, the gross forms assumed by early carcinoma, its method of spread and 


; differentiation from other kinds of gastric lesions. 


Dr. Robert C. Horn Jr. did an analysis of the autopsies of gastric carcinomas recorded in 
pathology laboratory of the Presbyterian Hospital and Dr. James W. Jobling, Attending 
thologist, gave permission to use them. 
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CHRONIC ATROPHIC GASTRITIS AND CANCER 
OF THE STOMACH 


LEWIS W. GUISS, M.D.* 
AND 
FRED W. STEWART, M.D. 


NEW YORK 


lhe question of the etiologic importance of chronic atrophic gastritis to 
tric cancer has been the subject of numerous studies during the past few decades. 
association of gastric atrophy with various types of chronic disease has 
known for many years. One of the early contributors to the subject, seldom 
| today, is Samuel Fenwick.’ His work comprises two papers on “Atrophy 
the Stomach” published in the Lancet in 1870 and 1877. These papers alone 
ild be sufficient to arouse suspicion that gastric atrophy is rather more widely 
nd than might be expected by those who would seek to show it a precancerous 
n from the point of view of gastric cancer, merely on the basis of finding 
phologic evidence of atrophic gastritis in a large proportion of cancerous 
achs, for Fenwick reported gastric atrophy associated with cancer of many 
ns. Thus he found gastric atrophy associated with 11 of 15 mammary cancers, 
5 gastric cancers, 3 of 24 uterine cancers, 1 of 3 cancers of the tongue and 
2 rectal cancers, but with none of 11 cancers variously located in the penis, 
der, “groin,” glands, bone, skin and lungs. He likewise encountered it in 
ciation with chronic cardiac disease, cirrhosis, tuberculosis and nephritis, 
to a lesser extent than with cancer in general or with addisonian anemia. It is 
that had Fenwick’s material been comprised of multiple large sections his 
ortion of cases of gastric atrophy would have been considerably increased, since 
r changes now recognized as manifestations of gastric atrophy doubtless 
ped him. His microscopic investigation was necessarily limited. 
lo avoid much citation of literature, further reference will be largely restricted 
elected more recent papers with direct bearing on the relation of atrophic 
ritis to gastric cancer. 
Konjetzny in 1913, working with freshly fixed, resected material, postulated 
velopment of cancer of the stomach on an inflammatory basis. He formulated 
well known concept of “gastritis hyperplastica atrophicans” and concluded that 
greater portion of gastric cancers (about 85 per cent) arose on the basis of 
nic gastritis and that the latter constituted a precancerous condition. 
Orator,* in a series of articles appearing in 1925 based on a study of 700 cases of 
er and 150 of cancer, noted the close association between the presence of chronic 
stritis and its allied intestinal metaplasia and that of gastric carcinoma, and 


ncluded that about 80 per cent of gastric carcinomas arose on a basis of pre- 


*Féllow of the National Cancer Institute. 

from the Pathologic Laboratories of the Memorial Hospital for the Treatment of Cancer 
Allied Diseases. 

1. Fenwick, S.: On Atrophy of the Stomach, Lancet 2:78, 1870; 2:1, 39 and 77, 1877. 
2. Konjetzny, G. E.: Ueber die Beziehungen des chronischer Gastritis mit ihren Fol- 


erscheinungen und des chronischen Magenulcus zur Entwicklung des Magenkrebses, Beitr. 


klin. Chir. 85:455-519, 1913. 
3. Orator, V.: Beitrage zur Magenpathologie, Virchows Arch. f. path. Anat. 255:639, 


125; 256:202 and 230, 1925. 
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cancerous gastritis and the remainder through cancerous transformation of gastric 
ulcers, i.e. “ulcerocancers.”” However, he simultaneously admitted that a severe 
chronic gastritis likewise usually accompanied gastric ulcer and reported the 
presence of chronic gastritis in association with such diverse conditions as gastric 
lymphosarcoma, sarcoma, myoma, benign polyps, worms, gastric ptosis, diaphrag- 
matic hernia and severe systemic infections and intoxications. Orator’s conclu- 
sions were confirmed in most part by the work of Puchert.* 

Hurst,” in a series of articles appearing between 1929 and 1939, reiterated 
the opinions of the German pathologists as to the pathogenesis of gastric carcinoma 
on the basis of chronic gastritis and further subscribed to the theory of malignant 
transformation of chronic gastric ulcers, but stated that these ulcers were secondary 
to chronic gastritis. He attributed the relatively low incidence of gastric cancer 
in females to their death from carcinoma of the breast or uterus on an average 
of fifteen to twenty years before gastric carcinoma commonly develops. 

Jenner," assuming from a statistical study of patients with pernicious anemia 
that there was a relatively high frequency of gastric carcinoma in that group, 
believed that this high incidence was due not to the presence of pernicious anemia 
itself but to the chronic atrophic gastritis which is always present in such cases. 

Pathologists as a whole have not been universally committed to the views 
expressed. Thus Haring* warned that perhaps Konjetzny had overemp! 
sized the importance of chronic gastritis as an etiologic factor in the pathogenesis 
of gastric carcinoma and that the histologic picture of chronic gastritis was tlie 
end result of many injurious processes acting on the gastric mucosa. He cou'd 
not agree with Konjetzny that it was specifically related to gastric carcinoma. 

Borrmann * expressed the opinion that the majority of gastritides associate 
with gastric carcinoma were catarrhal, interstitial or atrophic and stated that 
very early carcinomas he had almost never seen a severe gastritis. He suggest: 
that the gastritis was a result rather than a cause of the cancer. 

Hillenbrand ® regarded a “normal stomach” in old age as a rarity becau 
of the many exogenous and endogenous injuries concomitant with advanci 
years, and comparing the frequency of so-called chronic atrophic gastritis in t 
stomachs of people over 50 with the frequency of similar changes in gastric ulce1 
and cancer, stated: “It is overwhelmingly indicated that it is no more frequent 
cancer than in ulcer-free or cancer-free stomachs of older persons.” 

Wanser,’® in a recent careful study, was unable to substantiate Konjetzny s 
contention that chronic gastritis was a precancerous condition. Sternberg! and 


4. Puchert, H.: Ueber die Magenschleimhaut bei Geschwiir und bei Krebs, Virch« 
Arch. f. path. Anat. 280:385-404, 1931. 
5. Hurst, A. F.: (a) Precursors of Carcinoma of the Stomach (Schorstein Lectur 


Lancet 2:1023-1028, 1929; (b) Clinical Importance of Achlorhydria, Brit. M. J. 2:665-6 
1934; (c) Cancer of the Alimentary Tract: Pathogenesis and Prophylaxis, Lancet 1:553-558 
and 621-626, 1939. 


6. Jenner, A. W. F.: Pernizidse Anamie und Magenkarzinom, Acta med. Scandinav 
102:529-590, 1939. 
7. Haring, W.: Welche Bedeutung besitzt die chronische Gastritis fiir die Entstehung des 


Magenkrebses? Med. Klin. 35:1284-1286, 1939. 

8. Borrmann, R., in Henke, F., and Lubarsch, O.: Handbuch der speziellen pathologischen 
Anatomie und Histologie, Berlin, Julius Springer, 1926, vol. 4. 

9. Hillenbrand, K.: Histotopographische und histologische Untersuchungen iiber die sog. 
chronische Gastritis, Beitr. z. path. Anat. u. z. allg. Path. 85:1-32, 1930. 

10. Wanser, R.: Die banale chronische Gastritis und ihre Beziehungen zum Magenkar- 
zinom, Beitr. z. path. Anat. u. z. allg. Path. 103:113-156, 1939. 

11. Sternberg, C., in discussion on Neugebauer, F.: Die Gastritisfrage, Zentralbl. f. Chir. 
58:1836, 1931. 
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tric \Westhues '? have likewise warned against overemphasis on chronic gastritis as 
ere a cause of gastric carcinoma. 

the lumen and Liberthal,’* in a recent review of the status of chronic gastritis, 
tric stated that despite Konjetzny’s work many felt that the origin of cancer from 
‘ag- gastritis had not been substantiated and suggested that certain of Konjetzny’s 
clu- specimens would not be considered by other pathologists as showing malignant 


changes. Schindler ‘* and his co-workers have shown that some of Konjetzny’s 
findings in resected material might have been artefacts due to the surgical procedure 
na itself. 


ant With the advent of the popularity of gastroscopic examinations, another group 
ary oi papers has appeared, presenting the endoscopic concept of chronic atrophic 
cer e: .tritis, and again many suggestions have been made as to its role in the patho- 


age gevesis of gastric carcinoma. However, as yet we have been unable to discover 
illy adequately correlated pathologic study made on gastroscopically diagnosed 
s, nor have we had the opportunity to study enough such cases to enable 
to draw any conclusions ourselves as to whether the gastroscopic diagnosis can 
substantiated pathologically with uniformity. 
Fortunately, despite the wide divergence in interpretation of the significance 
hronic atrophic gastritis, the microscopic pathologic picture is relatively clearcut 
has been accepted at least as a morphologic entity by all workers in this field. 
s generally defined as including: (1) varying degrees of atrophy of the 
ous membrane; (2) moderate to marked increase in size and number of lymph 
{icles and interstitial infiltrate ; (3) transformation of pyloric and fundus mucous 
ibrane to the so-called intestinal type, and of fundus mucous membrane. to a 
ifferentiated pyloric type (pyloric gland heterotopia), and (4) an increase in 
interglandular connective tissue and a thickening of the muscularis mucosa. 
linese changes are closely associated with one another and tend to occur as 
ile in identical areas of the mucous membrane. The term “chronic atrophic 
vtritis” is not entirely satisfactory. In its more restricted use it naturally implies 
immation. It is by no means clear that all lesions included under the definition 
t “inflammatory” in the narrower sense. It is not our purpose, however, to 
cer evter into a philosophic discussion of such matters as, for instance, the relation of 
phy of parenchymatous structures and their replacement by diffuse or follicular 
iphoid aggregates, a topic which would lead us too far afield. 
The conclusions of the group who hold that chronic atrophic gastritis is a 
ind precancerous condition were based, presumably, on the concomitant presence of 
gastritic changes and gastric carcinoma in surgically resected and autopsy material. 
exception should be taken to their anatomic findings, for all were competent and 
re). expert students, and their observations vary little, if at all, from those of the group 
é olding the opposite view. However, exception can and should be taken to their 
warranted assumption that the mere presence of chronic atrophic gastritis 
in a large percentage of their cancer specimens proved any etiologic association. 





1a - Ps Pk “o . . 
(here are four distinctly different conclusions possible: 

des 1. Many persons reaching the gastric cancer age have chronic atrophic gastritis. 
= 2. Chronic atrophic gastritis precedes the development of gastric carcinoma. 

3. Chronic atrophic gastritis is the direct result of the presence of carcinoma 
0g. in the stomach. 
ar- 12. Westhues, H.: Gastritis, Miinchen. med. Wchnschr. 79:2061, 1932. 

13. Tumen, H. J., and Lieberthal, M. M..: Chronic Gastritis: A Review of Its Present 
hir. Status, Internat. Clin. 2:263-291, 1941. 


14. Schindler, R.; Necheles, H., and Gold, R. L.: Surgical Gastritis, Surg., Gynec. & 
Obst. 69:281-286, 1939. 
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4. The development of chronic atrophic gastritis is a nonspecific concomitant 
of many gastric lesions. 

The end result, i. e., the pathologic picture in the resected specimen, would 
be identical in any of these sequences, and therefore the finding of chronic atrophic 
gastritis in association with gastric cancer in a large percentage of cases is not 
proof of any one of these four hypotheses to the exclusion of the other three. 

If very early carcinoma of the stomach could be proved consistently associated 
with either the presence or the absence of gastritis, the problem of relationship 
would be solved. Unfortunately, the material is not at hand for such a study. The 
reports in the literature on this point are controversial to say the least. No 
investigator has seen more than the occasional very early gastric cancer. 

\ logical attack on the problem would seem to be (1) to ascertain the characte: 
istics of a “normal” stomach, (2) to discover what the changes are which may | 
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Diagram indicating location of routine blocks taken for study. 


expected to occur with advancing age, (3) to study carefully a group of stomach 
from people who died of cancer other than cancer of the stomach to determine an) 
“nonspecific” changes in the mucosa associated with the presence of cancer an) 
where in the body, and (4) to determine what the mucosal changes are in a 
group of gastric cancers and whether they differ significantly from the mucosal 
changes found in association with noncarcinomatous gastric lesions. 


MATERIAL 


The stomachs utilized in this study were for the most part obtained immediately, 
or within two to three hours at most, after death. It was found that if more 
time than this elapsed, the material was likely to be unsuitable for study. Many 
specimens removed within a few minutes after death from patients dying slow 
deaths were already so digested as to be worthless. Surgically resected material was 
obtained, as a rule, within five to ten minutes of its removal. The specimens 
were all carefully opened along the greater curvature; without handling or touching 
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he mucosa, and fixed flat, without tension, in 4 per cent solution of formaldehyde. 
\fter thorough fixation, gross descriptions were recorded, together with data 
regarding age, sex, state of nutrition, time elapsing between death and fixation, 
causes of death, nature of gastric contents and any other pertinent facts. At 
least eight routine sections were taken from each stomach, as indicated in the 
ure, and such additional sections as seemed indicated for completeness of study. 
idence showed that more sections added nothing of significance. 

Five distinct groups of material suitable for study were collected: 


Group A consisted of 35 stomachs obtained from premature infants born 
from six months’ gestation to term and from a few infants who were stillborn at 
rm or who died within a few days of birth. 

Group B was made up of 73 “normal” stomachs obtained from persons who had 

history or other indication of gastric disease. With few exceptions, these 
re all from persons who died as a result of trauma or from acute infectious 
seases of short duration. This group was augmented by an additional 22 specimens 
m young subjects who died of electric shock. 

Group C included 77 “normal” stomachs obtained from patients who died of 
ngastric cancers. None of these patients gave any history of gastric symptoms 


TaBLe 1.—Numerical Distribution of Specimens by Age Groups 


Distribution by Decades 
Gastric Cancer Ages 


Sources of Stomachs by Groups Fetal 1 2 3 4 5 6 r 8 


From stillborn infants and infants who died soon after 


UD ig i i Sere eee pence bueibaneerees 5 
UG, FR dhe <0c c bhacsnns candaednunwcsinis 3 3 5 7 19 16 15 2 
From patients who died of extragastric cancer....... ‘ a! 5 6 5 11 18 16 7 l 
From patients with gastric cancer bernadits Beas “i Pe roe l l 13 27 22 9 
From patients with noncancerous gastric lesions.... se oe ae 2 3 5 7 5 2 


id, so far as could be ascertained, differed from group B only in that they died 
f cancer after prolonged illnesses. 

Group D was composed of 73 gastric carcinomas, the large majority being 
urgically resected specimens. 

Group E was a miscellaneous group of unselected consecutive stomach speci- 
nens resected for gastric lesions other than carcinoma, such as gastric ulcer, 
myoma and sarcoma. 

At the risk of reemphasizing well known information but for the purpose of 
subsequent references to anatomic regions, we are very briefly summarizing the 
basic normal histologic appearance of the stomach. Three distinctly different 
mucosal areas are found in the stomach, each with its characteristic glandular 
components. The cardiac area is a variable zone, extending from a few millimeters 
to 1.5 cm. from the esophagogastric junction. At this junction the squamous 
epithelium of the esophagus gives way to a columnar epithelium which lines the 
gastric mucosal surface. The glands here are compound tubular glands and open 
directly into the gastric pits, which are lined with a continuation of the surface 
columnar epithelium. These glands are composed of clear mucus-secreting cells 
and may normally contain a few parietal cells. 

The fundus area, which begins at the margin of the cardiac zone, extends down 
to the pylorus and comprises about four fifths of the mucosal area of the stomach. 
The surface and crypts are lined with a continuation of the covering columnar 
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epithelium. The glands of the fundus are normally of one type, a simple tubular 
or branched gland which empties into the gastric pits, which are relatively shallow 
here. These fundus glands are composed largely of the zymogenic, granular 
chief cells which usually make up the bottom of the tubule and the acidophilic 
parietal cells which are more numerous in the neck of the gland. In addition, the 
junction of the crypts and tubules is lined with nongranular mucin-forming cells, 
termed in this location neck chief cells but probably identical in every respect 
with the cells of the pyloric glands. This type of cell is normally restricted in the 
fundus area to the neck of the gland. 

The pyloric area begins abruptly at the gastroduodenal junction and extends 
into the stomach for a distance variously reported as 6 to 7 cm. The surface 
columnar epithelium is identical with that of the rest of the stomach, but the crypts 
are deeper, occupying about half the mucosal thickness. The glands, which her 
are more branched and which show a tendency to coil, are composed almost entirely 
of clear, mucin-forming cells, identical in appearance with the neck chief cells 
of the fundus gland. The presence of a few parietal cells is not unusual. In the 
narrow transitional region between the pyloric and fundus areas, where there is 
an intermingling of gland types, these clear mucin-forming cells probably may be 
found normally in the bottoms of some of the fundus glands, but nowhere else may 
such an occurrence be considered normal. 





SPECIFIC FEATURES STUDIED 





In the study of specimens of tissue from the stomach, some systematic grouping 
of data is essential, and for this purpose attention was focused on certain ascertain- 
able histologic features. The following factors were noted and tabulated for every 
individual microscopic section studied. 

1. Mucosal thickness. The measurement of mucosal thickness was accomplished 
with great difficulty and necessarily could not be “exact” owing to the great varia- 
tion within the individual sections. With considerable care and experience, and 
with use of a calibrated field, it was possible to ascertain an average mucosal 
thickness for the individual sections, measuring from the deepest portion of the 
gland to the outer aspect of the covering epithelium, eliminating the effect of 
mamillation and irregularities due to rugae. 

2. Rugae and mamillation. These were recorded with reference to estimated 
number, location and degree of prominence. 

3. Type of gland and constituent cells. The type of gland present and its 
degree of development were recorded with reference to the location of the block 
in the stomach. The type of the component cells of the glands was noted, together 
with the type and number of abnormal cells present. 

4. Lymph follicles and lymphoid collections. These were separately tabulated, 
lymphoid aggregates with “germinal centers” being designated as follicles and 
those without such centers as collections. They were classified as to number, 
size and distribution throughout the mucosa and with relation to rugae. The 
presence or absence of hyaline collections and giant cells within the lymphoid 
follicles and collections was noted but was found to have no apparent bearing on 
the problem, so will not be further mentioned. 

5. Leukocytic infiltration. The number and type of cells (including Russell 
body cells) and their distribution within the mucosa were noted. 

6. Muscularis mucosae. Variations in thickness and its involvement by leuko- 
cytic infiltration were recorded by location and degree. 


7. Interglandular fibrosis. This was tabulated by degree and location. 
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8. Intestinal metaplasia. Areas characterized by the presence of a colummar 
rface epithelium with ‘a striated border and scattered goblet cells, tozether 
ith erypts of Lieberkithn lined with columnar epithelium and occasional goblet 
ls, and usually with Paneth cells at their bases, were tabulated by degree and 
tent of the metaplasia and its location. 

9. Pyloric gland heterotopia or dedifferentiation of fundus glands. Pyloric 
pe glands of dedifferentiated, mucoid epithelium in the fundus gland area, while 
tally found in close association with areas of intestinal metaplasia, may also 
found in stomachs devoid of metaplasia. Such areas were separately noted. 

10. Mucosal cysts. These cysts, characterized by a distended lumen of varying 
e lined with dedifferentiated mucus-secreting cells, were tabulated as to number 
| location. 

11. Thickness of muscularis. 

12. Appearance of the ganglions. 

13. Leukocytic plugs occupying the gastric pits. 


14. Presence of mucosal edema. 


OBSERVATIONS 
The observations with reference to the aforementioned factors in the five 
ups of stomachs may be summarized as follows: 
Group A—At the sixth month of gestation, the rugae were feebly developed, 
resent at all. The gastric mucosa varied from 0.2 to 0.4 mm. in thickness, with 
average thickness of 0.3 mm. No follicles or lymphoid collections were found, 
leukocytic infiltration was totally absent. The pyloric and fundus glands 


re already differentiated, but the various specialized cells, parietal cells, fundus 
ef cells and pyloric chief cells might or might not be differentiated. The 
rietal cells were definitely made out in most cases. Brunner’s glands were 
resented as small buds beginning to pierce the muscularis mucosae of the 
enum. 


\t the end of the seventh month of gestation, the mucosal thickness was 
changed. The specialized cells were more definitely differentiated, as were the 
ind areas. The cardiac glands might be seen as they began to develop and appar- 
tly started within the stratified squamous epithelium of the esophagus rather 
an on the gastric side of the gastroesophageal junction, which suggests an origin, 
least partial, from the esophagus. Lymphoid follicles and collections were 
‘sent, although occasional leukocytes, usually lymphocytes and plasma cells, were 
‘en scattered throughout the mucosa. 
By the end of the eighth month of gestation, gastric mucosal measurements 
varied from 0.3 to 0.7 mm., averaging 0.4 mm. Further stages in the development 

cardiac glands from esophageal epithelium might be noted. Brunner’s glands 
in the duodenum were better developed and now lay below a more definitive 
duodenal muscularis mucosae, and an occasional lymphocytic collection was found 
in the superficial portion of the duodenal mucosa. 

At term the gastric mucosa varied from 0.3 to 0.7 mm., with an average of 
0.5 mm. Rugae were but feebly developed, if present at all, and mamillation was 
absent. The glands were well differentiated, as were the specialized cells. No 
lymphoid follicles or collections were found, but a few lymphocytes, plasma cells 
and eosinophilic polymorphonuclear cells were scattered throughout the mucosa 
in some specimens. Further stages in the development of cardiac glands in the 
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esophageal mucosa were found and the duodenal glands of Brunner were better 


developed. 

In no specimen examined was there any suggestion of intestinal metaplasia, 
pyloric gland heterotopia, mucosal cysts or dedifferentiation of specialized cells or 
of lymphoid follicles. These changes, when present, must be considered to be of 
postnatal development. The absence of intestinal metaplasia in this group fur- 
ther confirms the studies by Saltzmann,’® on 7 stillborn babies, by Chuma ** and 
more recently by Magnus,’ on 12 fetal stomachs, and refutes the idea that intestinal 
metaplasia is congenital in origin, as suggested by Taylor,’* Stewart ** and others. 

Since the gastric mucosa at term averages but 0.5 mm. in thickness, about 
half the thickness of adult mucosa, we are safe in assuming that considerabl 
postnatal development of the stomach takes place. 

The definite finding of cardiac glands developing within the esophageal squamous 
epithelium is of importance, especially since Bensley *° concluded that the “cardia 
glands are decadent or retrogressive structures, derived from fundus glands by th: 
disappearance of their more highly specialized cellular constituents,” i. e. chi 


and parietal cells. 

Group B.—The first decade is represented by 3 specimens from childre: 
whose average age was | year. The mucosal height varied from 0.6 to 0.9 mm 
with an average of 0.7 mm. Rugae were present, low, widely spaced, with som: 
suggestion of mamillation. The glands were well differentiated, as were thx 
specialized cells. The parietal cells had become more numerous in the fundus 
glands but remained infrequent in the pyloric region. No lymph follicles wer: 
present, but an occasional small collection of lymphocytes was noted at the bass 
of the glands along the muscularis mucosae. A few leukocytes, lymphocytes, plasm: 
cells and eosinophils were scattered between the deeper portions of the glands 
The glands of Brunner were now definitely developed, and the portion superficia 
to the muscularis mucosae was moderately infiltrated with lymphocytes, plasm: 
cells and rare eosinophils and showed an occasional lymph follicle. Brunner’s 
glands, which may be said to have developed to the adult phase at this stage, showed 
no further changes pertinent to this study and will not be further mentioned 
Further stages in the development of cardiac glands from squamous esophageal 
mucosa were present. 

By the beginning of the second decade the stomach has attained maturity. 
In our specimens the gastric mucosa varied from 0.8 to 1.3 mm. and averaged 
1.1 mm. in thickness—twice that at birth. Rugae were well developed, and 1 speci- 
men showed mamillation. Parietal cells had become more numerous, the pro- 
portionate change being most marked in the pyloric glands, and there appeared 
to be a definite tendency toward an increase in the parietal cells in the pyloric 
glands immediately adjacent to the gastroduodenal junction. In 1 specimen 
examined there were parietal cells in Brunner’s glands. Only 1 stomach showed a 


15. Saltzmann, F.: Studien iiber Magenkrebs mit besonderer Beriicksichtigung der Schleim- 
hautveranderungen und der im Tumor und an dessen Rand auftretenden Rundzellinfiltration, 
Jena, Gustav Fischer, 1913. 

16. Chuma, M.: Zur normalen und pathologischen Histologie der Magenschleimhaut, Vir- 
chows Arch. f. path. Anat. 247:236-277, 1923. 

17. Magnus, H. A.: Observations on the Presence of Intestinal Epithelium in the Gastric 
Mucosa, J. Path. & Bact. 44:389-398, 1937. 

18. Taylor, A. L.: Epithelial Heterotopias of the Alimentary Tract, J. Path. & Bact. 
30: 415-449, 1927. 
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ew small follicles along the muscularis mucosae of the fundus, but all had occasional 
ollections of lymphocytes scattered along the muscularis mucosae with an apparent 

tendency to be located at the apex of a rugal fold. A few leukocytes, mostly lympho- 
vtes, were seen scattered about the bases of the glands, and a few plasma cells 

d lymphocytes were found under the covering epithelium. 

In the third decade the mucosal thickness varied between 0.8 and 1.4 mm., 
e average being 1.1 mm. The rugae were well developed, but mamillation was 
ire. Lymph follicles were rarely seen, and the small ones present were located 
umediately above the muscularis mucosae. The number of lymphocytic collections 
iried but there were usually a few of small size, more frequent in the fundus area. 
eukocytic infiltration was sparse, consisting of lymphocytes along the bases of 
e glands, with more plasma cells superficially. Two stomachs, one from a patient 
ho died of glomerulonephritis and the other from a man who committed suicide 
th a shotgun, showed definite intestinal metaplasia and pyloric gland heterotopia. 

In the specimens from persons in the fourth decade, the mucosal thickness varied 
m O.8 to 1.5 mm., averaging again 1.1 mm. Rugae continued to be well 
veloped, and mamillation often was present. The glands and specialized cells 
ntinued to be well differentiated, although there was an apparent diminution 

the number of parietal cells present in the pyloric area. A few follicles and 
equent lymphocytic collections, usually small, were often found along the muscu- 
ris mucosae. There were usually a few lymphocytes scattered about the deeper 
rtions of the glands and a moderate number of plasma cells and lymphocytes 
ore superficially. Eosinophils and Russell body cells were occasionally seen. 
owever, 1 stomach in this group was completely devoid of infiltrate. Four of 
e 7 stomachs showed varying degrees of intestinal metaplasia with its associated 
anges, and 1 additional specimen showed moderate pyloric gland heterotopia 
| the fundus area. 

The special group of 22 stomachs from persons who died instantly of electric 
ock in the third or fourth decade of life showed no significant morphologic 
ferences from the other stomachs in the same age groups. Four contained areas of 
testinal metaplasia, and 7 others had areas of pyloric gland heterotopia, i. e., 
edifferentiation of the more specialized fundus type gland to the pyloric type. 
espite the fact that all the persons from whom these specimens were taken are 
nown to have eaten a heavy meal two or three hours before death, there is no 
vidence of “digestive leukocytosis.” A quantitative comparison with stomachs 
{a random group of persons of the same age reveals that the special group not only 

showed no increase in the amount of leukocytic infiltrate but had actually a slight 
although not significant decrease. We are therefore inclined to discount the factor 
of “digestive leukocytosis” as of importance in interpretation of leukocytic 
infiltration. 

In the fifth decade group, as in previous ones, the average mucosal thickness was 

1.1 mm., with a variation of 0.6 to 1.66 mm. Rugae continued to be well developed 
in some specimens, fairly well developed in others and nearly absent in a few. 


One of the stomachs examined had giant rugae measuring 1 inch (2.5 cm.) in 
height without accompanying indication of disease, there being no explanation for 
the condition. Mamiullation was equally variable, stomachs with well developed 
rugae showing well marked mamillation as a rule, but not necessarily so. The 
glands and cells in general continued to be normally developed and specialized ; 
3 of the specimens showed many parietal cells in the duodenal mucosa. The number 
of follicles was inconstant, some stomachs showing no follicles but compensating 
by having numerous lymphoid collections, while the reverse was as often true. 
In general, it may be said that follicles and lymphoid collections varied from 
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rare or occasional to moderate in number, were usually small, were located 
on or near the muscularis mucosae and were more frequent in the pyloric portion. 
Leukocytic infiltrate was slight to moderate and occasionally heavy, again tending 
to be most marked in the pyloric area and heaviest just under the superficial covering 
epithelium. The muscularis mucosae was seldom infiltrated. The variations in the 
amount of infiltrate and the number of follicles and lymphoid collections appeared 
to be proportionate. Thirteen of the 19 specimens showed definite slight to mod- 
erate or heavy areas of intestinal metaplasia, and 3 additional stomachs, while not 
having intestinal metaplasia, nevertheless showed patches of pyloric gland hetero- 
topia (of the same significance). Nine showed the presence of mucosal cysts, 
which were entirely absent in stomachs from the younger groups. 

In the sixth decade group the mucosa averaged 1.0 mm. in thickness, with a 
variation ranging from 0.5 to 1.3 mm. Rugae were diminished in number and 
size, and mamillation was less evident. Glandular development was unchanged. 
Follicles were proportionately fewer and lymphoid collections more frequent, 
although the average total number was essentially the same as in the fifth decade 
and in a similar distribution. Leukocytic infiltration also resembled that-in the 
previous decade, although it was somewhat more extensive. Russell body cells were 
not uncommon. Slight to heavy metaplasia occurred in 11 of the 16 stomachs 
examined, and 2 additional mucosas showed pyloric gland heterotopia. Mucosal 
cysts were present in 14 of the 16 specimens. One showed many parietal cells in 
the duodenal mucosa. 


Stomachs of patients in decades seven and eight were essentially identical, 
their average mucosal thickness being 0.96 mm., with a variation of 0.4 to 1.4 mm. 
Rugae were poorly developed, and mamillation was rare. The glands continued to 
be specialized, but parietal cells were less numerous or lacking in the pyloric portion. 


Follicles were seldom found, but lymphoid collections were so numerous that a 
slight increase in total lymphoid aggregates was present. The amount, type and 
distribution of leukocytic infiltrate remained about the same as in decade six. 
Twelve of the 17 stomachs showed varying degrees of intestinal metaplasia, and 
2 additional ones showed pyloric gland heterotopia. Mucosal cysts were found 
in but 7. 

The 2 stomachs from patients in the ninth decade had an average mucosal 
thickness of 1.1 mm. They differed from the previous group only in that there 
were patchy areas of interglandular fibrosis. Both showed intestinal metaplasia 
and pyloric gland heterotopia and an occasional mucosal cyst. 

The gastric mucosa, which averages but 0.5 mm. in thickness at birth, reaches 
an average thickness of 0.7 mm. at the end of the first year but does not attain 
its full thickness, averaging 1.1 mm., until about the end of the first decade 
of life. It remains at this thickness until the beginning of the sixth decade, at 
which time a definite but slight diminution in average thickness begins. Suitable 
figures on mucosal thickness for comparison cannot be found. Maximow *' stated 
that the gastric mucosa varies from 0.3 to 1.5 mm. in thickness, which is unques- 
tionably true but somewhat misleading, since it is not known that his material was 
within normal limits. Berger,** in a recent painstaking article on the distribution of 
parietal cells, unaccountably reported the average length of the fundus glands of 8 
normal stomachs at about 0.65 mm. This would correspond to only our most 
atrophic specimens, and we cannot offer any explanation of this disparity, unless 


21. Maximow, A. A.: Textbook of Histology, Philadelphia, W. B. Saunders Company, 
1930. 

22. Berger, E. H.: The Distribution of Parietal Cells in the Stomach, Am. J. Anat. 
§4:87-114, 1934. 
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his small group were all accidentally atrophic and not normal. Our figures cor- 
respond well with those of Plenk,?* who placed the thickness of pyloric mucosa 
at 1.5 mm., diminishing to 1.0 mm. at the gastroduodenal junction, and with 
Bensley,” who quoted Schaffer as stating that the thickness of the cardiac mucosa 
varies from 0.9 to 1.3 mm. Little attention has been focused on this interesting 
ubject. 


We have seen no previous study on the incidence of parietal cells as normal 
onstituents of the duodenal mucosa. It occurred 7 times in this group of 95 speci- 


lens, or in 7.4 per cent of all our “normal” stomachs. 

The significance of rugae and mamillation has been carefully studied and 
eported recently by Hamperl.** He concluded that the presence of rugae is 
ntirely dependent on the contraction of the muscularis of the gastric wall and 
milarly that mamillation is due to uneven contraction of the muscularis mucosae. 
is work is entirely convincing. He warned against the interpretation of mamil- 
ition as evidence of “hypertrophic” gastritis. He proved that rapid fixation of 
arm material may cause the picture of mamillation because of shrinkage of the 
uscularis mucosae. In a further examination of 500 specimens he could find 
} true changes in the mamillated areas that did not have their origin in nodular 
mtraction of the muscularis mucosae. 

There appears to be a “normal” progressive increase in the number of lymph 
llicles and lymphoid collections until the fourth decade, beyond which point 
e increase becomes less marked. 

With regard to the amount of leukocytic infiltrate present, there is an apparent 
ight but steady rise with the passage of each decade. Hamperl,** in a very 
ireful study, concluded that the eosinophil content, while low, parallels the 
mtent of plasma cells and lymphocytes in the mucosa, but not necessarily the 
lymorphonuclear content. He further stated that polymorphonuclear cells are 
it usually present in areas of intestinal metaplasia, while plasma cells, lymphocytes 
nd a few eosinophils are almost always present in considerable amount. He 
‘pressed the opinion that the presence of polymorphonuclear cells in the gastric 
iucosa is physiologic and* that only polymorphonuclear leukocytosis associated 
ith damage to the overlying mucosa is pathologic. Bonne and his co-workers 7° 
ited Hamperl’s work and expressed agreement with it. They stated that they 
ould not regard the presence of a few leukocytes in the gastric mucosa as con- 
stituting gastritis and that pathologic gastritis differs from “physiologic gastritis” 
nly in amount. They preferred to establish their diagnosis of chronic gastritis 
n the presence of the more definite regressive changes, such as intestinal meta- 
piasia and pyloric gland heterotopia. Our own work is in complete accord with 
these opinions. However, although we do not consider the type of the infiltrating 
cell as important, we do think that gross variation in the intensity of the infiltrate 
is unquestionably of importance, since it parallels other evidence of mucosal 
damage and increases so much with the passage of each decade of life. 


23. Plenk, H., in von Mollendorff, W.: Handbuch der mikroskopischen Anatomie des 
Menschen, Berlin, Julius Springer, 1932, vol. 5. 

24. Hamperl, H.: Die grébere und feinere Gestaltung der Schleimhaut des Magendarm- 
kanals in Abhangigkeit von seiner Muskulatur, Virchows Arch. f. path. Anat. 305:432-461, 
1939, 

25. Hamperl, H.: Zur Histologie der akuten Gastritis und der Erosionen der Magen- 
schleimhaut, Beitr. z. path. Anat. u. z. allg. Path. 90:85, 1932. 

26. Bonne, C.; Hartz, P. H.; Klerks, J. V.; Posthuma, J. H.; Radsma, W., and 
Tjokronegoro, S.: Morphology of the Stomach and Gastric Secretion in Malays and Chinese, 
\m. J. Cancer 33:265-279, 1938. 
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A considerable variation in the thickness of the muscularis mucosae is normally 
found in all stomachs, it being on an average two or three times as thick in the 
pyloric region as in the fundus and again, as a rule, thicker in the cardia than in 
the fundus. In the pyloric region smooth muscle extensions of the muscularis 
mucosae are normally found between the pyloric glands. It is true that in 
specimens showing marked intestinal metaplasia, pyloric gland heterotopia and 
heavy infiltrate, the muscularis mucosae may be thickened and fibrosed, but such 
thickening is not a constant finding and as a criterion for a microscopic diagnosis 
of chronic atrophic gastritis it is probably not reliable except when considered in 
association with these other changes. The presence or absence of leukocytic infil- 
trate in the muscularis mucosae is entirely :oincident with the presence or absence 
of heavy infiltrate in the immediately overlying mucosa and has _ therefore 
no independent significance. 

Interglandular fibrosis, as would uatu:ally be expected, is found only in associa- 
tion with areas of heavy infiltration, marked mucosal atrophy, intestinal meta- 
plasia and other regressive changes. It is not present in a normal mucosa and 
does not appear to be of sufficient significance per se to warrant further separate 
consideration. 

Intestinal metaplasia and pyloric gland heterotopia have a similar significance 
and safely may be said never to be present in a normal stomach. All students agree 
that such areas are not present at birth. Taylor ** considered intestinal metaplasia 
as of congenital origin in some cases, but his material consisted of stomachs resected 
for cancer or ulcer, and did not include a single normal stomach. Chuma,"* 
Magnus,*’ Schmidt ** and Nicholson ** all described intestinal metaplasia as a 
response to injury of the gastric mucosa. Faber and Lange,** Konjetzny * 
Hamperl *' and many others have agreed that areas of intestinal epithelium never 
occur in stomachs free from the changes of gastritis. Our own material is in 
complete accord with these conclusions. Our youngest patient with intestinal 
metaplasia was a 21 year old man. In the fourth decade group, 57 per cent of 
specimens showed areas of intestinal metaplasia, while in the fifth decade group 
68 per cent of them showed such changes. By the time the seventh decade was 
reached, 80 per cent showed these regressive changes. These foci of intestinal 
metaplasia when in the fundus are almost always associated with heterotopic 
pyloric glands and are invariably surrounded by varying amounts of infiltrate and 
other signs of damage. 

Mucosal cysts are probably never found in normal stomachs, since our youngest 
patient having them was 37 years old. Although they seldom are numerous in the 
individual stomach, the number of stomachs showing them increases with age 
until in the sixth decade 81 per cent show at least an occasional cyst. They 
rarely occur in stomachs not containing intestinal metaplasia or other character- 
istics of gastritis. 

A normal stomach may therefore be defined as a stomach with a mucosal 
thickness varying not greatly from 1 or 1.1 mm. It may or may not present 


27. Schmidt, A.: Untersuchungen tiber das menschliche Magenepithel unter normalen und 


pathologischen Verhaltnissen, Virchows Arch. f. path. Anat. 143:477-508, 1896. 

28. Nicholson, G. W.: Heteromorphoses (Metaplasia) of Alimentary Tract, J. Path. & 
Bact. 26:399-417, 1923. 

29. Faber, K., and Lange, G.: Die Pathogenese und Aetiologie der chronischen Achylia 
gastrica, Ztschr. f. klin. Med. 66:247, 1908. 

30. Konjetzny, G. E., in Henke, F., and Lubarsch, O.: Handbuch der speziellen patho- 
logischen Anatomie und Histologie, Berlin, Julius Springer, 1928, vol. 4. 

31. Hamperl, H.: Ueber erworbene Heterotopien ortsfremden Epithels im Magen-Darm- 
trakt, Beitr. z. path. Anat. u. z. allg. Path. 80:307-335, 1928. 
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mamillation, and rugae are usually present. It may contain a few lymphoid collec- 
tions and lymph follicles along the muscularis mucosae. Leukocytic infiltrate may 
iry from slight to moderate without regard to type of cells present as long as 
covering mucosa shows no erosion. Intestinal metaplasia, pyloric gland 
heterotopia, mucosal cysts and interglandular fibrosis are absent. 

It is easily seen by table 2 that the incidence of chronic atrophic gastritis 
pidly increases with the passage of each decade and that in old age a normal 
mach is truly a rarity. 

Group C.—The group consisted of apparently normal stomachs from patients 
o died of cancer other than cancer of the stomach. The observations are almost 
ntical with those for the previous group, and for the sake of brevity only such 
ta as appear pertinent will be reported. 

In the first decade group the mucosal thickness varied from 0.4 to 1.0 mm., 
eraging 0.8 mm. The specific glands were well developed and specialized, and 
re was excellent differentiation of specialized cells. Follicles were absent, and 
iphoid collections were few except in 1 specimen from a patient with lymphatic 
kemia, a disease considered by many to be neoplastic. As in the previous 
ups, leukocytic infiltration was slight or more often entirely absent, the only 
table exception being in 1 of the specimens from patients with lymphatic 
<emia, in which there was a heavy infiltrate just superficial to the muscularis 


TasLe 2.—Percentage of Stomachs Showing Chronic Atrophic Gastritis 


Percentage by Decades 
\t 
Group Birth 1 2 } 4 
stillborn infants and infants who died soon after 
birth . aurea 
NOSERGE” DOEPOMG: 6c555<065e> 
Persons who died of extragastri 
ersons with gastric cancer. 
rsons with noncarcinomatous gastr 


cosae. None of the features of chronic atrophic gastritis are found in this 
decade. 
In the second decade group the mucosa varied from 0.8 to 1.5 mm., with an 
rage thickness of 1.1 mm. Glandular and cell differentiation were normal. One 
imen had parietal cells in the duodenal mucosa. Follicles were absent, lymphoid 
ections were few and leukocytic infiltrate was slight to absent, except in a 
mach from a patient who died of myoblastoma of the heart, which showed an 
rease in all three, together with such degree of pyloric gland heterotopia that 
nust be classified as showing chronic atrophic gastritis. Aside from the presence 
a few mucosal cysts in 2 other specimens, this group showed nothing further 
nterest. 
The picture in the third decade is similar to that in the previous decade. The 
iucosal thickness averages 1 mm. One specimen again showed many parietal cells 
the duodenal mucosa. However, 2 stomachs showed intestinal metaplasia and 
2 others showed significant areas of pyloric gland heterotopia, while a few mucosal 
sts were found in 2 instances. 
Fourth decade mucosas averaged 0.9 mm. in thickness. Follicles continued to 
e few. Infiltrate was slight or absent, except in 2 mucosas in which there were 
i moderate number of cells under the covering epithelium and an occasional Russell 
body cell. In comparison, decade by decade, with the previous group of stomachs 
irom normal persons, there were consistently fewer follicles, fewer lymphoid collec- 
tions and less leukocytic infiltrate. One specimen showed intestinal metaplasia. 


1 
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The mucosal thickness in the fifth decade continued to average 1.0 mm., and 
glandular and cell differentiation were normal. Parietal cells were again noted 
in the duodenal mucosa. A quantitative comparison of the specimens for this decade 
with those of the same decade in the group of normal stomachs from normal 
patients showed less than half as many follicles and lymphoid collections and 
significantly less leukocytic infiltrate in this group from patients who died of extra- 
gastric cancer. Two specimens showed intestinal metaplasia; 2 in addition showed 
some glandular dedifferentiation, and 3 showed a few mucosal cysts. 

The sixth decade group was a heterogeneous group. Mucosal thickness varied 
from 0.4 to 14 mm. but again averaged 1 mm. Glandular development and 
differentiation were poor, although the specific cells were as a rule still well 
differentiated. The individual glands were often spaced by interacinar proliferation 
of fibrous tissue. Two specimens again showed parietal cells in the duodenal 
glands. The number of follicles and lymphoid collections continued to be definitely 
diminished in comparison with the control group, though the difference was not 
so marked. Leukocytic infiltration was variable, but an average mucosa in this 
group showed a slight, mostly lymphocytic infiltrate about the bases of the glands 
and an increased number of cells more superficially, with a preponderance « 
plasma cells and an occasional Russell body cell. Ten mucosas showed marke: 
intestinal metaplasia; in some the metaplasia was almost complete. There were al! 
stages of pyloric gland heterotopia and epithelial dedifferentiation in the meta 
plastic mucosas, and in addition 2 other specimens showed marked pyloric gland 
heterotopia although actual intestinal metaplasia was absent. Mucosal cysts wer 
present in 10 specimens. 

The seventh, eighth and ninth decade groups did not differ in any essential! 
factor from the sixth decade group. Thirteen of the seventh decade group showe: 
varying amounts of intestinal metaplasia, while 2 additional specimens ha 
significant amounts of pyloric gland heterotopia and mucosal cysts were foun: 
in 13. The eighth decade group contained specimens with intestinal metaplasia 
all with mucosal cysts, and the single specimen in the ninth decade showed pylori 
gland heterotopia but no actual intestinal metaplasia or cysts. 

It is obvious that this group of stomachs was identical in all essentials but on« 
with the previous group of stomachs from apparently normal persons who die 
relatively sudden deaths, and that difference was in the diminished number oi 
lymph follicles and lymphoid collections and in the lessened amount of leukocyti 
infiltrate present in these specimens from patients who died of extragastric cancer. 
From the statistical evaluation to follow, it is also obvious that the difference is 
beyond the possibility of chance occurrence and that there must be some explana 
tion for the phenomenon. The best explanation is found in a comparison of the 
nutrition of the two groups of subjects. The patients who died of cancer were 
as a group definitely malnourished, and there is a proportionate disparity between 
the nourishment of the two groups and the number of lymphoid aggregates and the 
leukocytic infiltrate. Furthermore, there is a significant statistical correlation 
between the nutritional state and the number of lymphoid aggregates and the amount 
of leukocytic infiltrate within this group. It is therefore probably safe to say that 
the relative decrease in the number of lymphoid aggregates and the diminution in 


amount of leukocytic infiltrate were directly related to the poor nutrition of the 


patients. 


The apparent higher incidence of chronic atrophic gastritis at earlier ages in 
this group was only apparent. The average ages of incidence of chronic atrophic 
gastritis in groups B and C were practically identical. 
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Group D.—With the exception of a slight but progressive increase in the amount 
of intestinal metaplasia and pyloric gland heterotopia with increasing age, the 

ecade differences present in the previous groups were entirely absent in this one. 

\pparently the presence of a carcinoma in the stomach is sufficient to eradicate 
ndividual histologic variations usually present and related to differences in age, 

d this presence converts all stomachs into a surprisingly homogeneous group. 

fact, the individual specimens conformed more closely to the mean of this group 

an in the groups previously considered, with the exception of the specimens from 
llborn premature infants. 

The thickness of the portions of the mucosa uninvolved by tumor varied from 

mm. to 1.4 mm., with an average of 1 mm., essentially identical with groups B 

| C. Rugae were, as a rule, well developed, and mamillation was usually present 

ay from the immediate vicinity of the tumor, but this was of no significance 
| was to be expected, as the specimens were nearly all surgical specimens, fixed 
mediately in solution of formaldehyde while still warm. 

\s a rule, the dedifferentiation of specialized glands and loss of specialized cells 
re most marked in the mucosa immediately adjoining the carcinoma. Intestinal 
taplasia and pyloric gland heterotopia also were usually more in evidence in the 
nediate neighborhood of the tumor. However, in some instances the glands 
nediately adjacent to or surrounded by the tumor retained perfectly their 
cialized characters and the functional cells maintained an absolutely normal 
earance. All gradations between these two extremes may be expected. All 
2 of the 73 specimens in this group showed some degree of intestinal metaplasia 
pyloric gland heterotopia, an incidence of 97 per cent. 

[here was a marked increase in the number of both lymph follicles and lymphoid 
lections and a proportionate increase in the amount of leukocytic infiltrate 
sent in this group as compared with previous groups. Although they were 
nd in largest amount distributed in the immediate vicinity of the lesion, as a 
e the entire gastric mucosa was involved. With regard to the type of cell present, 
re was a proportionate increase in the number of polymorphonuclears in the 
ghborhood of the cancers, practically all of which were ulcerated, but in the 
cosal areas more distant from the lesion the usual proportion of the various 
kocytic components was restored. Russell body cells were often seen in the area 
mediately around the tumor or even in the mucosal area involved by the tumor. 
ucosal cysts were present in 40 of the 73 specimens or in 55 per cent. 

This high incidence of chronic atrophic gastritis in association with gastric 

rcinoma is entirely in accord with the figures of other observers, including 

mjetzny, Baker, as quoted by Eusterman,** Simpson,** Faber,** Orator,* Hurst ® 

d many others. 

Group E.—This miscellaneous group, composed of specimens resected for 
gastric lesions other than carcinoma, is included to indicate what the incidence of 
chronic atrophic gastritis may be expected to be in pathologic conditions of the 
stomach other than carcinoma. Twenty-one of the 24 specimens, or 88 per cent, 
showed definite evidence of chronic atrophic gastritis as we have defined this con- 
dition. The conclusion suggested by this relatively small number of specimens is 
further corroborated by the report of Simpson ** from Guy’s Hospital, who found 


32. Eusterman, G. B.: The Gastritis Problem: Notes on Histologically Verified Cases, 
South. M. J. 29:685-693, 1936. 

3. Simpson, C. K.: Observations on Gastritis, Guy’s Hosp. Rep. 84:351-362, 1934. 
34. Faber, K.: Gastritis and Its Consequences, London, Oxford University Press, 1935. 
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gastritis in all cases of polyps and peptic ulcers examined, and by that of Kon- 
jetzny,*’ who in asserting that too little attention was paid to the chronic gastritis 
associated with gastric ulcer cited Kalima as finding more or less gastritis in 100 
per cent of a large series of cases in which resection was done for gastric ulcer, 
and stated that he himself had always found chronic gastritis in stomachs resected 
for chronic duodenal ulcer. Magnus‘? found intestinal metaplasia (used in his 
very strict interpretation of the term) in 73 per cent of gastric ulcers, while Puhl * 
found intestinal epithelium in all of 140 stomachs removed for gastric ulcer. 
Orator * found an atrophic diffuse gastritis as a rule associated with sarcoma and 
lymphosarcoma of the stomach and that it was also present in specific infections, 
in intoxications, in infestation with worms and in gastric tuberculosis. 


STATISTICAL EVALUATION OF OBSERVATIONS AND CONCLUSIONS 

When working with a large number of different biologic factors, each capable 
of independent variation, it is necessary to test statistically the conclusions drawn 
from such material to determine whether or not the variations observed ar 
significantly different from chance variations. 

The details of the theory and mathematics of these procedures are beyond the 
scope of this paper. Briefly it may be stated that the significance of an obtained 
result may be judged by its relation to its probable error. The probable error oi 
the difference between any two quantities is equal to the square root of the sum 
of the squares of the probable errors of the quantities entering into the difference. 
When a difference or a constant is less than twice its probable error, it is considered 
by biometrists to be not significant, since the odds against such a deviation’s having 
occurred by chance are only 4.64 to 1. When a difference or a constant is three 
or more times its probable error, it is said to be significant, since the probability o’ 
the deviation’s having happened by chance is less than 1 in 20. All deviations whos: 
probability of chance occurrence is less than 1 in 20 may therefore be considered 
significant. When a deviation is four times its probable error, the odds against 
chance occurrence are 142 to 1 and with a deviation five times its probable error, 
the odds against chance increase to 1,341 to 1 (Pearl *’). 

Similarly, in considering a number of variable biologic characteristics, it is 
desirable, too, to determine if there is any relationship between their variation, 
i. e., whether changes in one characteristic influence changes in any other character- 
istic or whether each is entirely independent of the others. This dependence of 
variation in one factor on changes in another factor is best indicated by calculating 
their coefficient of correlation. This coefficient may fall anywhere between 0, 
which is the result when thére is no correlation between the two variables, and 
either + 1 or — 1, the latter figures indicating that the correlation is perfect or 
that for every change in one of the variables there is a definite and constant pro- 
portional change in the other. A positive correlation signifies that as one variable 
increases in value the other variable also increases and vice versa. A negative 
correlation means that as one variable increases, the other decreases. The signifi- 
cance of the coefficient of correlation is again judged by its relationship to its 
probable error as stated above. 

35. Konjetzny, G. E.: Chronische Gastritis und Duodenitis als Ursache des Magenduo- 
denalgeschwurs, Beitr. z. path. Anat. u. z. allg. Path. 71:595, 1923. 

36. Puhl, H.: Ueber die Bedeutung entziindlicher Prozesse fiir die Entstehung des Ulcus 
ventriculi et duodeni, Virchows Arch. f. path. Anat. 261:1-109, 1926. 

37. Pearl, R.: Introduction to Medical Biometry and Statistics, ed. 2, Philadelphia, W. B. 
Saunders Company, 1930. 
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The following variable factors in this study were tested to determine any 
orrelation with each other: 
. Sex 
. Age by decades 
3. State of nutrition or weight 
. Thickness of mucosa 
. The number of lymph follicles and lymphoid collections 
. Amount of leukocytic infiltrate 
. Amount of intestinal metaplasia and pyloric gland heterotopia 


8. Presence or absence and number of mucosal cysts 


‘ach factor of each specimen was quantitatively graded, those factors not 
iturally having numerical values being graded on an artificial scale from 0, 
dicating complete absence of the factor, to 24, indicating the greatest possible 
ange, such a manipulation being required by the statistical method to be used. 

Aside from the higher incidence of gastric cancer in males, 73 per cent of the 
ecimens being from males and but 27 per cent from females, the analysis by 
x shows nothing of note. There is no significant difference between the two 
xes in mucosal thickness, number of lymphoid aggregates, amount of leukocytic 
ifiltrate or intestinal metaplasia, nor in the number of mucosal cysts. 


TasBLe 3.—Correlation of Advancing Age with Changes in Other Mucosal Factors 





Group B Group C Group D 
om ———— en, pith 2 See a, 
Correlation Signifi- Correlation Signifi- Correlation Signifi- 
Coefficient eance Coefficient cance Coefficient cance 





—0.216 + 0.086 No 0.141 + 0.081 No —0.197 + 0.099 No 


mphoid aggregates +0.335 + 0.079 Yes +0.281 + 0.077 Yes +0.025 + 0.079 No 
ikocytic infiltrate +0.471 + 0.079 Yes +0.378 + 0.077 Yes +0.215 + 0.079 No 
testinal metaplasia.......... +-0.303 + 0.079 Yes +0.296 + 0.077 Yes +0.312 + 0.079 Yes 
OG inc satcasesvecées +0.110 + 0.079 No +0.396 + 0.077 Yes —0.060 + 0.079 No 
itritional state No correlation No correlation No correlation 


The study of the relationship of increasing age to mucosal changes shows that 
ith advancing age there is a significant increase in the number of lymphoid 
vgregates, in the amount of leukocytic infiltrate and in the amount of intestinal 
ietaplasia and glandular dedifferentiation in stomachs not the site of cancer. This 
fect of age is nullified by the presence of cancer in the stomach, so that only a 
ignificant increase in the amount of intestinal metaplasia with increasing age 
emains. There is no significant correlation between age and the mucosal thickness 
beyond the normal growth period of the first decade) in any of the groups, nor 

is there any significant correlation between the age and the nutritional state. A 
significant and positive correlation found between the number of cysts and increasing 
age only in the mucosas of persons dying from extragastric cancer is beyond the 
possibility of chance, but we have no explanation for it. 

Analysis of the effect of variation in the nutrition of the subject on the 
attributes of the stomach shows but one correlated group of positive facts. There 
is a highly significant difference in mean body weight between group B persons 
who died from acute conditions and group C (persons who died of extragastric 
cancer ), indicating a true tendency of patients who die of cancer to be malnourished. 
There is also a proportionate and equally highly significant diminution in the mean 
amount of lymphoid aggregates and leukocytic infiltrate present in the group of 
patients who died of extragastric cancer. This suggestive evidence is corroborated 
by a significant positive correlation in group C between the state of nutrition and 
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the amounts of lymphoid aggregate and leukocytic infiltrate present. It may there- 
fore be safely stated that there is a definite tendency toward lessened infiltrate 
and fewer lymphoid aggregates as the nutritional state declines. No correlation 
is found between the nutritional state and the mucosal thickness or the amount 
of metaplasia present in any of the groups. 

Study of the relationship of variation of the mucosal thickness to the other 
characteristics of the mucosa reveals these interesting facts. Despite the fact that 
the average mucosal thicknesses are essentially identical for all three groups, varying 
but slightly from 1 mm., there is a highly significant but negative correlation between 
mucosal thickness and both the amount of leukocytic infiltrate and the amount 
of intestinal metaplasia in the persons who died acute deaths and those who had 
cancer of the stomach. An explanation for the lack of correlation between these 
factors in patients who died of extragastric cancer might lie in the diminished 


Taste 4.—Correlation of Nutritional State with Mucosal Factors 





Group B Group C Group D 

parentage abies ‘ — = 7% a een ) . . 
Correlation Signifi- Correlation Signifi- Correlation Signifi- 
Coefficient eance Coefficient eance Coefficient cance 


Lymphoid aggregates +0.036 + 0.095 No +-0.258 + 0.078 Yes No correlation 
Leukocytie infiltrate —0,041 + 0.095 No +0.305 + 0.078 Yes No correlation 
Mucosal thickness. . No correlation No correlation No correlation 
Intestinal metaplasia No correlation No correlation No correlation 


Average state of nutrition.... 15.95 + 0.444 12.00 + 0.474 


Difference in average state of nutrition of groups Band C is 3.95 + 0.649, significant 


TaBL_eE 5.—Correlation of Mucosal Thickness with Other Factors 








Group B Group C Group D 
— A — —_ . A—_____, — 
Correlation Signifi- Correlation Signifi- Correlation Signifi- 
Coefficient cance Coefficient cance Coefficient cance 





Age (by decades).... —).216 + 0.086 No 0.141 + 0.081 No —0.197 + 0.009 No 
Lymphoid aggregates —0,(62 + 0.081 No —.070 + 0.084 No —0.157 + 0.084 No 
Leukocytic infiltrate... —),283 + 0.081 Yes +0.082 + 0.084 No —0.445 + 0.084 Yes 
Intestinal metaplasia.......... 0.493 + 0.081 Yes 0.198 + 0.084 No —0,429 + 0.084 

2x No correlation No correlation No correlation 


No correlation No correlation No correlation 
Average mucosal’ thickness 


(over 10 years) 1.06 + 0.147 mm. 0.98 + 0.256 mm. 1.08 + 0.189 mm. 


amount of infiltrate and metaplasia present in this group. There is a similar 
negative but not statistically significant correlation between mucosal thickness and 
age in all groups. The negative correlation coefficient between mucosal thickness 
and the number of lymphoid aggregates is so near 0 as to be entirely insignificant. 
Therefore, it is obvious that there is a definite and provable tendency for thin 
mucosas to be associated with heavy leukocytic infiltrate and large amounts of 
intestinal metaplasia. A tendency is also suggested, but only suggested, for these 
thinner mucosas to occur in the older age groups. Differences in sex and variations 
in nutritional state would appear to have no effect on the mucosal thickness. 
There is a significant and positive correlation between the number of lymphoid 
aggregates and increasing age in groups B and C, but this is erased by the presence 
of cancer in the stomachs in group D. There is a high correlation between the 
number of lymphoid aggregates and the amount of leukocytic infiltrate in all groups. 
The positive correlation between nutritional state and the number of lymphoid 
aggregates only in group C is significant, though there is no apparent explanation 
for it. The positive correlation between variation in lymphoid aggregates and 
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intestinal metaplasia in groups C (from persons with extragastric carcinoma) and 
1) (from persons with cancer of the stomach) is also unaccountably less marked 
and statistically not significant in group A (from “normal” persons). It is clear, 
then, that with an increase in the number of lymphoid aggregates there is a strong 
tendency toward a proportionate increase in the amount of leukocytic infiltrate, 
and that usually this increase is associated with intestinal metaplasia. There is 
ilso a tendency for these increases in lymphoid aggregates to be found in the 
pecimens from the older age groups, providing cancer of the stomach is absent. 

ifferences in sex and variations in mucosal thickness show no correlation with 

hanges in lymphoid tissue. 
The correlation of the amount of leukocytic infiltrate with other variables is the 


\ost striking and clearcut among those analyzed. There is a very high positive 





TABLE 6—Correlation of Number of Lymphoid Aggregates with Other Mucosal Factors 








Group B Group C 
Signifi- Correlation 
cance Coefficient 


Group D 
Signifi- Correlation 
eance Coefficient 


selemnineasincapenbl 
Correlation 


Signifi- 
Coefficient 


cance 
ge (by decades) 
‘utritional state 


+0.335 + 0.079 
+0.086 + 0.095 
—0.062 + 0.081 
0.583 + 0.079 
+0.170 + 0.079 
No correlation 


Yes 
No 
No 
Yes 
No 


+-0.281 + 0.077 
+-0.258 + 0.078 

0.070 + 0.084 
+0.752 + 0.077 
0.543 + 0.077 
No correlation 


Yes 
Yes 
No 

Yes 
Yes 


+0.025 + 0.079 
No correlation 
—0.157 + 0.084 
+0.443 + 0.079 
+0.372 + 0.079 
No correlation 


No 
No 
Yes 
Yes 


eukoeytie infiltrate 
testinal metaplasia 


an amount 
eregates 


lymphoid ag- 


15.26 + 0.538 9.63 + 0.463 21.70 + 0.589 


Difference in mean amounts of groups B and © is 5.63 + 0.710, significant 


TaBLe 7.—Correlation of Amount of Leukocytic Infiltrate with Other Factors 











Group B 


Group C 
= — A——_—_—__—__—_—_,, 
Correlation Signifi- 
Coefficient eance 


Group D 

pckanai : 
Correlation 
Coefficient 


a or aittiod = 
Correlation Signifi- 
Coefficient cance 


Signifi- 
cance 


ge (by decades) 
itritional state 
fucosal thickness 
ymphoid aggregates......... 


+0.471 + 0.079 
+0.041 + 0.095 
—0.283 + 0.081 
+0.583 + 0.079 


Yes 
No 

Yes 
Yes 


+0.378 + 0.077 
+0.305 + 0.078 
+0.032 + 0.084 


Yes 
Yes 
No 


+0.215 + 0.079 
No correlation 
—0.445 + 0.084 


No 


Yes 


testinal metaplasia 


ean amount of infiltrate..... 


+0.512 + 0.079 
No correlation 


Yes 


9.56 + 0.369 


+0.752 + 0.077 
+0.736 + 0.077 
No correlation 


7.18 + 0.371 


Yes 
Yes 


+0.443 + 0.079 
+-0.662 + 0.079 
No correlation 


Yes 
Yes 


14.04 + 0.345 


Difference of mean amounts of infiltrate of groups B and C is 2.38 + 0.524, significant 








correlation between the amount of infiltrate present and the amount of metaplasia 
ind dedifferentiation present in all groups, and an almost equally high positive cor- 
relation between the amount of infiltrate and the number of lymphoid aggregates 


present in all groups. The positive and significant correlation between age and 
the amount of infiltrate in groups of persons who did not have cancer of the stomach 
is somewhat obscured by the effect of the cancer on the mucosa in those with gastric 
carcinoma. The negative significant correlation between the amount of infiltrate 
and mucosal thickness in persons who died acute deaths and those with cancer of 
the stomach is apparently completely altered in the instance of those who died slow 
deaths of extragastric cancer, because of the significantly diminished amount of 
infiltrate in the latter group. In general, it may be said that variations in leukocytic 
infiltrate are interrelated with changes in the other characteristics of the stomach. 
Increasing amounts of leukocytic infiltrate may be expected to be found in stomachs 
with cancer, in association with increasing amounts of intestinal metaplasia and 
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glandular dedifferentiation, in association with increased numbers of lymphoid 
aggregates and with advancing age. Lessened infiltration tends to be associated 
with emaciation and thinner mucosas. The amount of infiltrate is independent 
of sex. 

Most of the variations associated with changes in amounts of intestinal meta- 
plasia have been mentioned. There remain the definite positive correlations between 
the amount of intestinal metaplasia and the number of lymphoid aggregates in 
patients who died of extragastric cancer and those with gastric carcinoma. The 
correlation is so lessened in the group who died relatively acute deaths as not to 
be statistically significant. There is also an exactly similar group of correlation 
coefficients between the amount of metaplasia and mucosal cysts. The amount of 
metaplasia present in a stomach, therefore, tends to increase with age and is much 
greater in the presence of cancer of the stomach. Such increases tend to be cor- 
related with increasing amounts of lymphoid aggregates, leukocytic infiltrate, 
mucosal cysts and thinning of the mucosa. Sex again appears to have no influence 
on the incidence or on the amount of intestinal metaplasia present. 


Taste 8.—Correlation of Amount of Intestinal Metaplasia and Pyloric Gland Heterotopia 
with Other Factors 








Group B Group C Group D 
— —_ —_~ ae ————$—$$__ A____—__ ~ -A—___ —_ — —— 
Correlation Signifi- Correlation Signifi- Correlation Signifi- 
Coefficient cance Coefiicient cance Coefficient cance 




















Age (by decades).............. +0.3038 + 0.079 Yes +0.296 + 0.077 Yes +0.312 + 0.079 Yes 
Mucosal thickness............. 0.493 + 0.081 Yes 0.198 + 0.084 No —0.439 + 0.084 Yes 
Lymphoid aggregates......... +0.170 + 0.079 No +0.543 + 0.077 Yes +-0.372 + 0.079 Yes 
Leukocytic infiltrate........... +0.512 + 0.079 Yes +0.736 + 0.077 Yes +-0.662 + 0.079 Yes 
ne OE +-0.163 + 0.079 No +-0.416 + 0.077 Yes +0.316 + 0.079 Yes 
aN hee dade alenece ae No correlation No correlation No correlation 
Nutritional state.............. No correlation No correlation No correlation 

Mean amount of metaplasia.. 5.30 + 0.414 4.30 + 0.360 14.12 + 0.599 








SUMMARY 


Intestinal metaplasia, pyloric gland heterotopia, mucosal cysts instances of 
dedifferentiation of specialized cells and lymphoid collections are not present at 
birth and must therefore develgp postnatally, probably as a result of mucosal 
damage. 

Mucosal development is not complete at birth and is not complete until the 
beginning of the second decade, at which point it reaches a plateau maintained 
until the sixth decade, when a slight decline begins. 

The glands of Brunner attain their adult appearance about the end of the 
first year of life. 

It is suggested that the cardiac glands of the stomach are of esophageal rather 
than gastric origin. They become fully developed during the first decade of life. 

We are unable to substantiate the theory of “digestive leukocytosis” with our 
material. 

Parietal cells may normally be found extending into the duodenal mucosa. 

There is a steady increase in the number of lymph follicles and lymphoid 
collections in the gastric mucosa until the fourth decade, after which the increase 
tapers off. 

There is a slight but steady increase in the amount of leukocytic infiltrate present 
with the passage of each decade of life without reference to any special type of cell. 
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Intestinal metaplasia, heterotopia of the pyloric glands, mucosal cysts, heavy 
ukocytic infiltration and large numbers of lymphoid aggregates are never found 
truly normal stomachs but are all evidences of gastritic changes. 

Stomachs of patients who died of cancer other than gastric cancer are essentially 
entical with those who died from other causes, except that they contain fewer 
mphoid follicles and collections, and less leukocytic infiltrate. This difference 
directly proportional to the degree of malnutrition present and not due to the 
esence of cancer itself in the patient. 

Eighty-two per cent of stomachs from apparently normal persons who died 
thin the gastric cancer age (over 40) show microscopic evidence of chronic 
rophic gastritis. 

Sixty-six per cent of stomachs from persons over 40 who died of extragastric 
icer show microscopic evidence of chronic atrophic gastritis. 

Ninety-seven per cent of stomachs with gastric carcinoma show associated 
ronic atrophic gastritis. 

There is a similar incidence of chronic atrophic gastritis in association with 
stric diseases other than carcinoma. 

The chronic atrophic gastritis associated with gastric carcinoma is a nonspecific 
eaction” to inflammation and gastric injury in general, and there is no evidence 
suggest an etiologic relationship other than that chronic atrophic gastritis may 
caused or intensified by the presence of carcinoma in the stomach. 

The factors included in the present concept of chronic atrophic gastritis, 1. e. 
icosal atrophy, increased amounts of leukocytic infiltrate and lymphoid aggre- 
tes, intestinal metaplasia and pyloric gland heterotopia are all rather closely 
related, variation in one factor tending to be associated with proportionate 
anges in the others. This correlation probably justifies the consideration of 
ese changes as a pathologic entity. 


CONCLUSION 
The often reiterated claim that chronic atrophic gastritis is a precancerous lesion 
eives no positive support as a result of this study. The slight difference in 
idence of gastric atrophy between cancerous and noncancerous stomachs in this 
ries is far from being convincing. Atrophic gastritis is an exceedingly common 
ndition with advancing age. Mere statistical correlation of incidence of gastric 
rophy and of gastric cancer is quite insufficient_to show causal relation. Both 
trophy and cancer appear to be events in aging organs. Were the effort made, 
would doubtless be easy to show that gastric cancer was correlated not only 
vith gastric atrophy but likewise with atrophy of other organs, even in fact with 
itrophy of such anatomically unrelated structures as the genitalia, breasts, circula- 
ry apparatus or even skin, thus reducing to absurdity the conclusions based on 
mere statistics as to incidence. 

To assert on morphologic grounds that the origin of gastric cancer depends 
on the existence of gastric atrophy would require far more evidence. It would 
at least require proof that early gastric cancer begins in, and can be directly tracer 
to, arr area of atrophy to the exclusion of other areas. From the very nature of 
gastric material universally available in large clinics, this type of evidence, although 
it may eventually appear, will be long in coming. Could even this be proved 
correct, the larger question would still remain unanswered as to why A, with gastric 
atrophy, gets cancer and B, with the same atrophy, does not. Prematurity in 
formulating important conclusions in matters of this sort is unjustified. 


+ 


Drs. Jacob Werne, George T. Pack, James Denton, C. C. Sweet and James Cash gav: 
assistance in obtaining material for this study. 





METABOLIC ABNORMALITIES IN PATIENTS WITH 
CANCER OF THE GASTROINTESTINAL TRACT 


A REVIEW OF RECENT STUDIES 


JULES C. ABELS, M.D.* 


IRVING ARIEL, M.D 
PAUL E. REKERS, M.D.7 


GEORGE T. PACK, M.D. 
AND 


P. RHOADS, M.D. 


NEW YORK 


Because of the high incidence and mortality of gastrointestinal cancer '* its 
study has been given considerable attention in the Memorial Hospital for the 
Treatment of Cancer and Allied Diseases. A program has been designed for th: 
investigation of the associated metabolic abnormalities. A detailed study of thi 
nature is believed to be important for two reasons: (1) Through it some clu 
may be found as to the cause of the disease, and (2) information may be secured 
by means of which the morbidity and mortality resulting from operative anc 
radiologic procedures can be reduced. 

The results of numerous clinical and experimental studies suggest that dietar\ 
factors are important in the maintenance of a normal gastrointestinal mucou 
membrane.* Hence a study of the nutritional status of patients with intestina! 
neoplasms might demonstrate inability to metabolize properly various dietary con 
stituents. Thus far the subjects of the detailed studies which have been made o1 
patients with gastrointestinal cancer are: (A) disturbances in distribution oi 
vitamin A, (B) the incidence, nature and cause of the associated hypoproteinemia 
(C) hepatic dysfunction, and (D) the metabolic abnormalities which complicate 
the postoperative period. 


A. DISTURBANCES IN DISTRIBUTION OF VITAMIN A 


Plasma levels of vitamin A and of carotene were determined for 62 norma! 
men and for 62 normal women (table 1) by methods described in an earlier com 
munication of this series.* These control subjects varied in age from 20 to 68 


* Finney-Howell Fellow. 

+ National Cancer Research Institute Fellow. 

From the Memorial Hospital for the Treatment of Cancer and Allied Diseases. 

This review of certain aspects of the metabolic abnormalities associated with gastrointestinal! 
cancer is the eighteenth article of this series. 

1. Collins, S. D.; Gover, M., and Dorn, H.: Trend and Geographic Variation in Cancer 
Mortality and Prevalence, with Special Reference to Gastric Cancer, J. Nat. Cancer Inst. 1:425, 
1941. 

2. (a) Rhoads, C. P.: Gastric Cancer as a Sequel to Gastritis, Particularly the Gastritis of 
Pernicious Anemia, J. Nat. Cancer Inst. 1:511, 1941. (b) Klein, A. J., and Palmer, W. L.: 
Experimental Gastric Carcinoma: A Critical Review with Comments on the Criteria of 
Induced Malignancy, ibid. 1:559, 1941. 

3. Abels, J. C.; Gorham, A. T.; Pack, G. T., and Rhoads, C. P.: Metabolic Studies in 
Patients with Cancer of the Gastro-Intestinal Tract: I. Plasma Vitamin A Levels in Patients 
with Malignant Neoplastic Disease, Particularly of the Gastro-Intestinal Tract, J. Clin. Investi- 
gation 20:749, 1941. 

844 





years; 
plasma 
hundrec 
average 
and the 
gave ar 
cubic Cc 
caroten 


from 0. 


In ¢ 
pati 
the 1 
d av 
roten 
idy ¢ 
ita. 
eragt 
e no 
is 0. 


TA 


norm: 
nen WV 
normi 
wome 


27 0 
nge, 
Tt 

Ww p 
| Car 
a SOT] 
intake 
atien 
k. 
orm 
9) 


none 
plasm 
to the 


3. 
plas 

4, 
been 
who 
were 
defic’ 











TRACT 





AL—CANCER GASTROINTESTINAL 845 





OF 





ET 





ABELS 









years; all apparently were in good health and on adequate diets. The average 
plasma vitamin A content of the 62 men was found to be 170.3 U. S. P. units per 
hundred cubic centimeters with a range of from 132 to 208 U. S. P. units. The 
average carotene content of this group was 0.21 mg. per hundred cubic centimeters, 
and the range was from 0.09 to 0.34 mg. A similar study of the 62 normal women 
gave an average plasma vitamin A content of 149.1 U. S. P. units per hundred 
ubic centimeters and a range of from 103 to 195 U. S. P. units. The average 
arotene content was 0.18 mg. per hundred cubic centimeters, and the range was 
mm 0.08 to 0.40 mg. 
In distinct contrast to these findings were the levels of vitamin A in the plasma 
patients with gastrointestinal cancer (table 1). In 38 men the plasma levels 
the vitamin ranged from 32 to 180 U. S. P. units per hundred cubic centimeters 
d averaged 84 U. S. P. units, or about one-half the normal value. The average 
rotene of this group content was 0.14 mg. and ranged from 0.04 to 0.50 mg. A 
idy of 13 female patients with cancer of the gastrointestinal tract provided similar 
ita. The plasma vitamin A levels ranged from 50 to 148 U. S. P. units and 
eraged 78.5 U. S. P. units per hundred cubic centimeters, again about one-half 
e normal value. The average amount of carotene in the plasma of this group 
is 0.135 mg. per hundred cubic centimeters, and the levels ranged from 0.05 to 
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TABLE 1.—The Plasma Levels of Vitamin A and Carotene in Normal Persons and in 


Patients with Gastrointestinal Cancer 


















Vitamin A, U.S. P. Units Carotene, 
per 100 Ce. Mg. per 100 Ce. 


py, 


Range Average Range Average 















ONE I iis canta nace wdetbdsdsnucndwdemall 132-208 170.3 0.09-0,34 0.21 
nen with gastrointestinal cancer..... voiventwes 32-180 84.0 0.04-0.50 0.14 
ORME HI rtte ass cadvame ties tae a 103-195 149.1 0.08-0.40 0.18 
women with gastrointestinal cancer................ 50-148 78.5 0.05-0.27 0.135 by 





















27 mg. Of the 51 patients, 86 per cent had vitamin A levels below the normal 
nge, and 96 per cent had levels lower than the average. 
The explanation for the discovery that patients with gastrointestinal cancer have 
w plasma levels of vitamin A was considered at first to be an insufficient intake 
- carotenoids, due possibly to a deficiency of carotenoids in the diet or to mal- 
sorption of carotenoids from the gastrointestinal tract. However, a deficient 
intake of carotenoids could not explain the low plasma vitamin A levels in the 
atients studied, for the following reasons: 












1. According to their dietary histories 75 per cent of the patients had ingested 
ormal amounts of carotenoids. 








2. Only 15 per cent of a control group of 20 patients with oral leukoplakia and 
none of a control group of 13 patients with atrophic gastritis had reduced levels of 
plasma vitamin A. These persons had dietary and economic backgrounds similar 4 
to those of the patients with cancer. 1 







3. Fifty-five per cent of the 51 patients with gastrointestinal cancer had normal 
plasma levels of carotene, the precursor of vitamin A. 





4. If the dietary intake of the patients had been inadequate, it might well have 
been reflected in a deficiency of other dietary constituents. Hence, of 28 patients 
who had low plasma levels of vitamin A and normal plasma levels of carotene, 13 
were examined further for deficiency of thiamine or riboflavin. None of the 18 was 
deficient in thiamine, and only 1 was deficient in riboflavin. 
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5. Most important, perhaps, was the observation that the parenteral adminis- 
tration of from 100,000 to 2,000,000 U. S. P. units of vitamin A was without effect 
in raising the plasma level of the vitamin in 6 of 8 patients with gastrointestinal 
cancer, but was effective in all of 8 patients with vitamin A deficiency who were 
used as controls. 

Also, it is unlikely that malabsorption of fat-soluble vitamins could have been 
responsible for the low levels of vitamin A in the plasma of patients with gastro- 
intestinal cancer. Of the 51 patients studied, only 6 had diarrhea or suffered from 
persistent vomiting. It is true that in those 6 patients the diarrhea or vomiting 
might have prevented adequate absorption of vitamin A from the alimentary tract. 
If this were the reason for the low vitamin A concentration in the plasma of those 
6 persons, then low concentrations of the vitamin should have existed in the plasma 
of patients with benign gastrointestinal lesions who had a comparable degree of 
diarrhea or vomiting. However, of 8 patients with peptic ulcers who had con- 
siderable vomiting and of 6 patients with colitis who had persistent diarrhea, only 
2 had plasma vitamin A levels below the normal range. 

It was evident, then, that patients with gastrointestinal cancer could have low 
levels of vitamin A in the plasma despite adequate ingestion and absorption of 
the vitamin. The explanation next considered was that the patients studied suffered 
from some specific disorder which prevented the normal storage or distribution 
of the vitamin. Under normal circumstances, it is the function of the liver to store 
and to distribute vitamin A.* It has been demonstrated repeatedly that the hepatic 
stores of this vitamin in patients with acute or chronic atrophy of the liver are 
considerably reduced.° It became necessary, therefore, to measure the concen- 
tration of vitamin A in specimens of liver procured from the patients with gastro- 
intestinal cancer who were subjected to laparotomy. These measurements were 
made by a technic described in an earlier communication.*® 

No significant difference was found between the content of vitamin A in the 
livers of 14 patients with gastrointestinal cancer and that in the livers of 21 persons 
who died suddenly as a result of accident or of coronary thrombosis. The livers 
of the subjects used as controls were obtained within three hours after death. 
For the patients with cancer of the gastrointestinal tract the hepatic concentration 
of vitamin A ranged from 99 to 2,236 and averaged 697 U. S. P. units per gram of 
wet tissue. For the 21 control subjects the hepatic content of the vitamin ranged 
trom 186 to 1,302 and averaged 722 U. S. P. units per gram of wet tissue. In 
only 2 of the 14 patients was the hepatic concentration of vitamin A below the 
normal range. On the other hand, the level of vitamin A in the plasma of 11 of 
the 14 patients was determined and was found to be abnormally low in all but 1 
instance. Eight of the 11 had abnormally low plasma levels of the vitamin asso- 
ciated apparently with a normal ability to store it (table 2). 

The administration of vitamin A in amounts adequate to raise the low level 
in the plasma of patients not having gastrointestinal cancer had only an irregular 
effect on the plasma levels in patients with the disease.* However, other substances 
were found which could influence appreciably the abnormally ow level of vitamin 
A in the plasma of patients with cancer of the gastrointestinal tract. These 





4. Sherman, H. C., and Boynton, L. C.: Quantitative Experiments on the Occurrence and 
Distribution of Vitamin A in the Body, J. Am. Chem. Soc. 47:1646, 1925. 

5. Ralli, E. P.; Papper, E.; Paley, K., and Bauman, E.: Vitamin A and Carotene Content 
of Human Liver in Normal and in Diseased Subjects: An Analysis of One Hundred and 
Sixteen Livers, Arch. Int. Med. 68:102 (July) 1941. 

6. Abels, J. C.; Gorham, A. T.; Pack, G. T., and Rhoads, C. P.: Metabolic Studies in 
Patients with Gastrointestinal Cancer: III. The Hepatic Concentrations of Vitamin A, Proc. 
Soc. Exper. Biol. & Med. 48:488, 1941. 
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substances were brewers’ yeast, lipocaic and choline chloride—themselves free of 
carotenoids. 

All of 17 patients with gastrointestinal cancer who received 90 Gm. of yeast 
laily for from four to thirty-two days showed a sustained elevation of the plasma 
evel of vitamin A. Likewise the daily administration of 5 Gm. of lipocaic to 7 

\tients with gastrdintestinal cancer for from four to eighteen days was followed. 
6 instances by significant, sustained elevations of the plasma levels of the vitamin. 
nce the possibility exists that both yeast and lipocaic are effective because they 
ntain substances with lipotropic activity, a simple compound with known lipo- 
pic properties, choline chloride, was used. It was administered to 7 patients 
ith gastrointestinal cancer, and during the daily ingestion of 1.5 Gm. for three days, 
nificant but transitory rises in the fasting plasma levels of the vitamin were noted. 

The mechanism by which these agents increase the concentration of vitamin 

in the peripheral blood is thus far unknown. The possibility of course exists 

it the lipotropic properties of the yeast, lipocaic and choline, which demobilize 
ids from the liver, may be responsible for the increased plasma content of fat- 


TABLE 2.—Concentration of Vitamin A in the Liver and the Plasma of Patients 
with Gastrointestinal Cancer 














Vitamin A, U. 8. P. Units 
= —- - = Microscopic 
Per Gm. of Per 100 Ce. Examination 
Diet Liver of Plasma of Liver 
Adequate 95 Normal 
Adequate 075 105 Acute focal necrosis 
Deficient 86 Pe Normal 
Adequate ,017 106 Normal 
Adequate 2,236 4 Normal 
Adequate 713 120 Normal 
Adequate 135 Normal 
Adequate 226 75 Normal 
Deficient Wy 40 Normal 
Adequate 242 85 Normal 
Adequate 195 7 Normal 
Adequate 337 90 Normal 
Adequate 159 95 Normal 
Deficient “48 es Normal 


Average 697 U. S. P. units per Gm. 





uble vitamin A. This theory is based on the assumption that the lipids in the 
tatty liver may withhold from the blood the fat-soluble vitamins. Chemical 
alysis, made in the laboratories of the Memorial Hospital, of the hepatic tissue 
patients with gastrointestinal cancer in fact does reveal a high incidence of 
epatic fatty infiltration.* Of 18 patients thus studied, 16 (or 88 per cent) were 
und to have a hepatic fat concentration above the reported normal range (2.4 
8.5 Gm. per hundred grams).° 
On the other hand, it is quite possible that the abnormal distribution of vitamin 
\ between the liver and the plasma of patients with gastrointestinal cancer is not 
due sunply to the increased fat content of the liver and consequently to its greater 


7. (a) Ariel, I.; Pack, G. T., and Rhoads, C. P.: Metabolic Studies in Patients with Cancer 
of the Gastro-Intestinal Tract: VII. The Influence of Gastric Surgery on the Chemical Composi- 
tion of the Liver, Ann. Surg. 116:924, 1942. (b) Ariel, I.; Abels, J. C.; Murphy, H. T.; 
Pack, G. T., and Rhoads, C. P.: Metabolic Studies in Patients with Cancer of the Gastro- 
intestinal Tract: VIII. The Chemical Composition of the Liver, Especially in Patients with 
Gastrointestinal Cancer, to be published. (c) Abels, J. C.; Ariel, I. M.; Murphy, H. T.; Pack, 
G. T., and Rhoads, C. P.: Metabolic Studies in Patients with Cancer of the Gastrointestinal 
Tract: IX. Effects of Dietary Constituents upon the Chemical Composition of the Liver, 
Especially in Patients with Gastrointestinal Cancer, to be published. 

8. Ralli, E. P.; Rubin, S. H., and Rinzler, S.: The Liver Lipids in Normal Human Livers 
and in Cases cf Cirrhosis and Fatty Infiltration of the Liver, J. Clin. Investigation 20:93, 1941. 
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“hold” on fat-soluble substances. The fact that the excessively fatty livers of well 
nourished patients who suffer from chronic alcoholism frequently contain very 
small amounts of vitamin A argues against the hypothesis that the low plasma 
levels of the vitamin in patients with gastrointestinal cancer are due to the fatty 
livers.° Abnormal plasma levels of the vitamin, therefore, might be due rather to 
a hepatic dysfunction which prevents the normal distribution of vitamin A between 
the liver and the plasma.° 

In summary, then, it has been found that the level of vitamin A in the plasma 
was below the normal range in 86 per cent of the patients with gastrointestinal 
cancer examined. In most instances this abnormality could not be explained by 
the existence of a dietary deficiency, by a malabsorption of the vitamin or by an 
inability of the liver of the patient to store vitamin A. The administration of yeast, 
lipocaic or choline was effective in raising the reduced plasma levels of vitamin 
A in these patients. The effect of these substances conceivably was due to their 
ability to demobilize lipids from the liver. A large number of patients with gastro- 
intestinal cancer do have fatty infiltration of the liver, and the increased fat content 
in turn may result in a retention of the fat-soluble vitamin A and consequently in 
a low level of the substance in the plasma. On the other hand, it is possible that a 
specific hepatic dysfunction in the metabolism of vitamin A prevents a norma! 
distribution of the vitamin. 


B. THE INCIDENCE, NATURE AND CAUSE OF THE HYPOPROTEINEMIA ASSOCIATED 
WITH GASTROINTESTINAL CANCER 

Hypoproteinemia frequently results in serious clinical complications. Inter- 
ference with the healing of wounds, actual wound disruption, edema, altered gastro- 
intestinal motility, gastrointestinal obstruction, increased susceptibility to the toxic 
effects of anesthetics and susceptibility to infection often can be attributed directly 
to an abnormally low protein level in the patient’s serum.’® Hypoproteinemia 
when present in patients with gastrointestinal cancer accordingly becomes an 
especially important problem, because such patients frequently are subjected to 
prolonged anesthesia and to extensive surgical procedures. For this reason it 
became essential to ascertain the level of circulating serum proteins in the patients 
admitted to the gastric and rectal services of this hospital. 

Recent studies ** have indicated that in 547 normal adults the mean average 
serum protein level was 6.9 Gm. per hundred cubic centimenters, with a normal 
range of from 6.5 to 7.4 Gm. These values are in substantial agreement with 
those found in the Memorial Hospital for 25 normal men and women, whose serum 
protein concentrations ranged from 6.6 to 7.8 Gm. per hundred cubic centimeters.” 

In sharp contrast to these levels were those in the serum of 100 patients with 
gastric cancer..* The average serum protein concentration of these patients was 
only 6.2 Gm. per hundred cubic centimeters, and the values varied from 3.9 to 8.0 


9. Moore, T.: Vitamin A and Carotene: VII. The Distribution of Vitamin A and 
Carotene in the Body of the Rat, Biochem. J. 25:275, 1931. 

10. Whipple, G. H.: Hemoglobin and Plasma Proteins: Their Production, Utilization and 
{nterrelation, Am. J. M. Sc. 203:477, 1942. 

11. Hill, R. H., and Trevorrow, V.: Plasma Albumin, Globulin and Fibrinogen in 
Healthy Individuals from Birth to Adult Life, J. Lab. & Clin. Med. 26:1838, 1941. 

12. Abels, J. C.; Rekers, P. E.; Binkley, G. E.; Pack, G. T., and Rhoads, C. P.: Metabolic 
Studies in Patients with Cancer of the Gastrointestinal Tract: IJ. Hepatic Dysfunction, Ann. 
Int. Med. 16:221, 1942. 

13. Ariel, I.; Rekers, P., and Pack, G. T.: Metabolic Studies in Patients with Cancer of 
the Gastrointestinal Tract: X. Abnormalities in Protein Metabolism in Patients with Gastric 
Cancer, to be published. 
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Gm. Of the 100 patients examined, 59 were found to have abnormally low levels. 
Thus, hypoproteinemia is an abnormality commonly associated with gastric cancer. 
The cause of the hypoproteinemia is still not entirely clear. The most obvious 
explanations were considered at first to be that (1) the patients with gastric cancer 
had taken deficient diets, (2) they suffered from continual or repeated bleeding, 
(3) there existed some metabolic abnormality which prevented the synthesis of 
erum proteins, (4) the patients could not absorb properly from their gastro- 
testinal tracts the amino acids necessary for protein synthesis or (5) they 
estroyed abnormally great amounts of protein. 

The possible role of an inadequate dietary intake in the production of hypo- 
oteinemia was investigated for 93 of the 100 patients with gastric caneer, These 
tients were divided into three nutritional groups, in which there existed: (a) 
minimal degree of dietary deficiency, (b) a moderate degree of dietary deficiency 
d (c) a considerable degree of dietary deficiency. This division revealed that 
the 93 patients 42 had only a minimal degree of dietary deficiency, yet 26 of 

42 had hypoproteinemia. Moreover, of the 35 patients whose diets were 
lerately deficient, only 19 were hypoproteinemic, and of the 16 who suffered 
in a considerable degree of dietary deficiency, only 8 had abnormally low levels 
serum protein. Furthermore, at the low nutritional levels the duration of a 
ficient dietary intake was considerably less for the subjects in whom hypo- 


TasLe 3.—Degree and Duration of Dietary Deficiency in Patients with Gastric Cancer 








Number of Average Number of Average 
Patients with Duration of Patients with Duration of 
Normal Serum Deficiency, Hypo- Deficiency, 
Degree of Dietary Deficiency Protein Levels Weeks proteinemia Weeks 
16 44.5 y 22.8 
. 16 16.3 11.4 
Sica 5.0540 dk va lee bodnsla< 5 ; 8 12.1 3 7.2 


teinemia developed than it was for those who retained a normal concentration 
serum protein. Thus it would appear that there is no correlation between the 
istence of hypoproteinemia in the patients with gastric cancer and the duration 
d degree of dietary deficiency (table 3).** 
There is now considerable evidence to show that repeated bleeding can result 
‘t only in anemia but also in hypoproteinemia.** Since patients with gastric 
incer frequently suffer from repeated or continual loss of blood, it was necessary 
consider this factor among the causes for hypoproteinemia. Accordingly, the 
10 patients with gastric cancer were divided into two groups: 42 who at some 
time had manifested bleeding, and 58 in whose cases no history or other evidence 
of blood loss could be established. No significant difference, however, could be 
iound between the serum protein levels of these two groups. The mean average 
protein concentration in the serum of patients who lost blood was 6.1 Gm. per 
hundred cubic centimeters, whereas that of those who did not was 6.2 Gm. per 
hundred cubic centimeters.*® 


Certain pathologic processes frequently can induce a hypoproteinemia charac- 
terized by a depression of one or another of the serum protein fractions. For this 
reason it was believed that determination of the albumin and globulin concentration 
in the serum of patients with gastric cancer might provide some clue as to the 
nature of their hypoproteinemic state. 


14. Whipple, G. H.: The Production, Utilization and Interrelation of Blood Proteins— 
Hemoglobin and Plasma Proteins, Proc. Inst. Med. Chicago 14:2, 1942. 
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The normal value of serum albumin, determined for a group of 547 normal 
adults, recently has been reported to be 4.7 + 0.3 Gm. per hundred cubic centi- 
meters.'' This value agrees well with that observed here for a control group of 
25 persons (4.6 + 0.7). Likewise, the average concentration of globulin in the 
serum of the controls has been found here to be 2.1 + 0.6 Gm. per hundred cubic 
centimeters, a figure which is in close agreement with that reported by other 
workers." 

By these standards it was found that the hypoproteinemia in 77 per cent of 
the patients with gastric cancer was principally due to a decreased albumin fraction 
(table 4). For 28 patients thus studied, the mean average serum albumin was 
found to be 3.8 + 0.62 Gm. per hundred cubic centimeters. All had concentrations 
of serum albumin below the normal average of 4.6 Gm. per hundred cubic centi- 
meters, and 65 per cent had concentrations below the normal range (table 4). 

No significant differences were noted between the concentration of globulin i: 
the serum of the patients with gastric cancer and that in the serum of persons use 
as controls. Hence it would appear that in patients with gastric cancer, there 
exists an abnormality in the maintenance and replacement of serum albumin. It i 
this defect, apparently, which accounts in most instances for the hypoproteinemia.’ 

In turn, the inability of the patient with gastric cancer to fabricate albumi: 
inay be due either to an abnormality of protein metabolism in which the liver plays 


TABLE 4.—Concentrations of Serum Protein, Albumin and Globulin in Patients 
with Gastric Cancer 














Total Protein, Albumin, Globulin, 
Gm. per 100 Ce Gm. per 100 Ce, Gm. per 100 Ce. 
Control group 6.7 


ne and 0. 6 
Reported by Hill and Trevorrow 6.9 + 0. 7 
Patients with gastric cancer * 6.2 0 33 


0.7 
0.3 ¢ 
0.6 





an important role or to an insufficient supply of nitrogenous compounds. T 
date the best available evidence indicates that albumins are synthesized chiefly by 
the liver.° The liver of a person who is hypoproteinemic on the basis of dietary 
deficiency readily can fabricate albumin from a proper mixture of amino acids 
but the synthesis of protein from amino acids in the damaged liver may be altered 
considerably.*® 

The data presented already have indicated that the hypoproteinemia of the 
patients with gastric cancer probably was not due to a general dietary restriction 
However, there was still the possibility that in these patients the absorption ot 
amino acids might be impaired. This was substantiated.‘’ The ingestion of 25 Gm. 
of aminoacetic acid by a group of 6 control subjects in whom there was no evidence 
of gastrointestinal disease was followed by a maximum absorption of the compound 
within the first hour. In contrast, it was observed after the administration of 
25 Gm. of aminoacetic acid to 6 patients with gastrointestinal cancer that the peak 


15. Madden, S. C., and Whipple, G. H.: Plasma Proteins: Their Source, Production and 
Utilization, Physiol. Rev. 20:194, 1940. 

16. Cates, H. B.: The Relation of Liver Function to Cirrhosis of the Liver and to 
Alcoholism: Comparison of Results of Liver Function Tests with Degree of Organic Change 
in Cirrhosis of Liver and with Results of Such Tests in Persons with Alcoholism Without 
Cirrhosis of Liver, Arch. Int. Med. 67:383 (Feb.) 1941. 

17. Ariel, I.; Jones, F.; Pack, G. T., and Rhoads, C. P.: Metabolic Studies in Patients 
with Cancer of the Gastro-Intestinal Tract: XII. Glycine Tolerance Test in Patients with 
Gastric Cancer, Ann. Surg. 117:740 (May) 1943. 
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of absorption was considerably delayed in all. This delayed absorption of amino 
acids apparently does not depend merely on the presence of organic gastrointestinal 
disease, for a normal rate of absorption of aminoacetic acid was noted in 1 patient 
with atrophic gastritis, 1 with multiple gastric ulcers and 1 with gastric Boeck’s 
sarcoid. Furthermore, normal absorption of this amino acid was noted in 3 patients 
who had undergone gastrectomy. 

It would appear, therefore, that one cause for the impaired production of 
rotein by patients with gastric cancer may be an inability to absorb amino acids 
roperly from the alimentary tract. Furthermore, it is possible that the liver, 
erhaps because of hepatic dysfunction, cannot fabricate proteins at a proper rate 
r in sufficient amounts from the amino acids which have been absorbed. This 
ypothesis is supported by experimental observations.*’ Whereas the ingestion 
{f 25 Gm. of aminoacetic acid increased the average concentration of amino acids 
n the serum of normal persons by 2.9 mg. per hundred cubic centimeters (range 
{ increase from 1.9 to 5.9 mg. per hundred cubic centimeters ), the average increase 

the serum of 6 patients with gastric cancer was 6.6 mg. (range of increase from 
1 to 8.8 mg.). A high level of amino acids in the serum of a person given amino- 
etic acid orally has been demonstrated to indicate inability of the liver to utilize 
at compound at a normal rate.’* 

The possibility is still to be investigated that the hypoproteinemia of the patient 
ith gastric cancer may be due in part to an increased breakdown of protein. The 
ital excretion of nitrogen of 10 patients with gastric cancer has been measured. 
Vhen these patients were taking constant, known amounts of dietary protein, 
ieir daily excretion of nitrogen was no greater than that of normal persons on 
1e same diet. These observations indicate that patients with gastric cancer do 
ot have an abnormally great loss of nitrogen. Studies of this nature now are 
eing extended. 

In conclusion, therefore, it was found that 59 per cent of patients with gastric 
incer suffer from hypoproteinemia. This abnormality probably cannot be ascribed 
0 the fact that the patients studied suffered from a general dietary deficiency or 
rom excess bleeding, but it more likely is due to a metabolic abnormality which 
nterferes with the maintenance and replacement of serum albumin. 

Since the serum albumins are fabricated chiefly by the liver, these observations 

suggest that the hypoalbuminemia conceivably is due to hepatic dysfunction. The 
impaired absorption of amino acids from the alimentary tract of patients with 


gastric cancer probably contributes to the establishment of the hypoproteinemic 
state. 


C. HEPATIC DYSFUNCTION IN PATIENTS WITH GASTROINTESTINAL CANCER 


The evidence derived from the studies thus far described suggests that patients 
with gastrointestinal cancer suffer from hepatic insufficiency. This evidence con- 
sists chiefly of data showing that the patients apparently had a limited ability to 
distribute vitamin A or to fabricate albumin—both known functions of a normal 
liver. Hence, it became desirable to investigate in greater detail other hepatic 
functions of patients with cancer of the gastrointestinal tract and to correlate, if 
possible, the existence of hepatic dysfunction with the presence of the cancer. 

Accordingly, an estimation of hepatic function in each of 50 patients with 
gastrointestinal cancer was obtained from the results of tests which measured the 


18. Kirk, E.: The Ability of Nephritic Patients to Deaminize and Form Urea from Ingested 
Glycine, J. Clin. Investigation 14:136, 1935. 
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ability of the liver to synthesize, store, conjugate and excrete metabolites. A 
similar study was made for purposes of comparison on 25 normal adults, on 21 
patients with oral leukoplakia, on 8 with atrophic gastritis and on 19 who had had 
a gastrointestinal cancer successfully removed by operation.** 

Inasmuch as the liver performs multiple functions, it is reasonable to believe 
that no single test can measure adequately the efficiency of the whole organ. After 
the measurement qualitatively, and when possible quantitatively, of various 
intermediary or end products of hepatic metabolism, a consideration of all the 
results may allow the detection of abnormal hepatic function. 

In this study measurements of hepatic function were selected arbitrarily. The 
basis of their usefulness and reliability was presented in a previous communi- 
cation.*? Suffice it to say that hepatic abnormality was considered to be present 
in the persons examined when (1) the plasma prothrombin level was less than 
85 per cent of normal, (2) the serum bilirubin was above 1 mg. per hundred cubic 
centimeters, (3) the urinary excretion of glucuronates was less than 300 mg. per 
day, (4) the mean erythrocyte volume was greater than 94 cubic microns, (5) the 
free cholesterol was more than 33 per cent of the total, (6) the urinary excretion 


Tas_e 5.—Comparison of the Results of Studies of Hepatic Function on Normal Persons 
and on Groups of Patients Studied 















Leukoplakia Cancer of Cancer of 

of the Oral the Gastro- the Gastro- 
Mucous Atrophie intestinal intestinal Tract 

Membranes Gastritis Tract Removed 





Normals 



















Number of patients.... ee eee 25 21 8 50 19 









SEER ea 0% 20% 37.5% 42% 16% 
‘ Elevated serum bilirubin.............. 4% 10% 12.5% 24% 5% 
Decreased serum protein............... La 0% 0% 58% 5% 
Decreased plasma prothrombin.. 4% 25% 0% 58% 33% 
Impaired cholesterol esterification.... 12% 6% 12.5% 45% 19% 

: Increased mean corpuscular volume 
ES EEE 8% 20% 0% 60% 23% 
Decreased plasma vitamin A.......... 4% 19% O% 90% 34% 

Decreased urinary excretion of glucu 
IS orn wnaek dncd es cokaneeatseres 8% 24% 12.5% 55% 14% 





















of urobilinogen was more than 2.0 mg. per day when the fecal output of the pigment 
was normal and (7) hepatomegaly was demonstrable. 
By these criteria it was found that of the 25 normal adults 19 (76 per cent) 
had no hepatic abnormalities, 4 (16 per cent) had one such abnormality and only 
2 (& per cent) had as many as two signs of hepatic insufficiency. In sharp contrast 
to these results were those of a similar study of the 50 patients with gastrointestinal 
cancer. Only 1 of this group was free of evidence of hepatic insufficiency; 7 (14 
per cent) had one, 13 (26 per cent) had two, 13 (26 per cent) had three, 11 (22 
per cent) had four, 3 (6 per cent) had five, and 2 (4 per cent) had six or more 
signs of hepatic dysfunction. 

Measurements were likewise made of the hepatic function of 2 other groups of 
patients, 1 with atrophic gastritis and the other with oral leukoplakia, because these 
patients probably resembled the patients with gastrointestinal cancer more closely 
in age, dietary and economic background than did the normal subjects. In both 
control groups the degree and extent of hepatic insufficiency were only slightly 
greater than in the normal persons, and considerably less than in patients with 
cancer of the alimentary tract (table 5). 

The occurrence of a considerable degree of hepatic dysfunction in patients with 
gastrointestinal cancer, therefore, would support the hypothesis that the abnormal 
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levels of vitamin A and the hypoproteinemia likewise were the result of altered 
hepatic function. It is of considerable interest to note that despite the high 
incidence of hepatic insufficiency manifested by patients with gastrointestinal cancer 
the liver shows little or no morphologic change. Of biopsy specimens obtained 
from the livers of 55 patients with gastric cancer, 49 showed no pathologic changes ; 
if the remaining 6 specimens, 1 showed hepatitis, 2 fatty infiltration, 2 acute focal 
necrosis and 1 a mild fibrosis. In none of the 55 specimens was there enough 
parenchymal destruction to suggest the considerable hepatic insufficiency noted in 
patients with gastrointestinal cancer.* 

Although little or no morphologic evidence of damage was found in the biopsy 
pecimens obtained from the livers of patients with cancer of the gastrointestinal 
tract, nevertheless it is possible that the chemical composition of these livers was 
bnormal. It is now well proved that livers with a high content of fat’*® or a 
lepleted store of glycogen *° are particularly susceptible to damage by such agents 
s chloroform, phosphorus, arsenic and carbon tetrachloride. The association of 
epatic dysfunction with an altered chemical composition of the liver already has 
en demonstrated in persons with chronic alcoholism.** 

Accordingly chemical analyses were made of biopsy specimens removed from 
he livers of 18 fasting patients with gastric cancer. These specimens were obtained 
s soon as the abdomen was opened.** An adequate comparison of the findings with 
ormal values is, of course, impossible at this time because of a paucity of data 
n normal persons. 

The normal value of human hepatic glycogen probably is not known. The 
epatic glycogen content of persons who received preoperatively large amounts of 
extrose has been stated to range from 3.1 to 6.7 Gm. per hundred grams.** . The 
epatic glycogen of 4 patients with non-neoplastic gastrointestinal disorders, deter- 
lined in our laboratories, averaged 2.28 Gm. per hundred grams and varied from 
'.30 to 3.55 Gm. (table 6). A slightly higher average value was obtained for the 
lycogen content in the livers of the 18 patients with gastric cancer, 2.91 Gm. per 
undred grams, and the range for these livers was from.1.0 to 7.3 Gm. However, 
inder the stress of the operation the content of hepatic glycogen is decreased con- 
siderably.** In 10 instances in which the glycogen was determined in sections 
‘emoved for biopsy at the beginning and at the end of an operation, all showed a 
significant decrease in the content of the carbohydrate. The average loss of 
elycogen of these 10 patients was 1.96 Gm. per hundred grams, and the range 
of loss was from 0.75 to 3.81 Gm. This decrease represented an average of 37 
per cent of the glycogen present at the beginning of the operation. 


By the preoperative administration of dextrose, it was possible to increase the 
hepatic glycogen content of 11 patients with gastric cancer to an average concen- 
tration of 4.39 Gm. per hundred grams, a concentration considerably less than 


19. Goldschmidt, S.; Vars, H. M., and Ravdin, I. S.: The Influence of Foodstuffs upon 
the Susceptibility of the Liver to Injury by Chloroform and the Probable Mechanism of Their 
Actions, J. Clin. Investigation 18:277, 1939. 

20. Messinger, W. J., and Hawkins, W. B.: Arsphenamine Liver Injury Modified by Diet: 
Protein and Carbohydrate Protective, but Fat Injurious, Am. J. M. Sc. 199:216, 1940. 

21. Ralli, Rubin and Rinzler.8 Madden and Whipple.*5 


22. (a) MacIntyre, D. S.; Pedersen, S.. and Maddock, W. G.: The Glycogen Content of 
the Human Liver, Surgery 10:716, 1941. (b) Ravdin, I. S.; Vars, H. M.; Thorogood, E.; 
Schultz, J., and Johnson, J.: The Liver Glycogen and Lipid Concentrations Following Intra- 


venous Glucose Administration and Diet in the Dog and Man in the Presence of Liver Damage. 
Ann. Surg. 114:1018, 1941. 
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that obtained after similar treatment in 6 patients with non-neoplastic gastro- 
intestinal disease (7.35 Gm. per hundred grams), and with that obtained else- 
where.” 

Determinations of human hepatic protein, albumin and globulin, were made 
by an adaptation of the method of Robinson, Price and Hogden.** The details 
of that technic were reported in an earlier communication.’ It is to be emphasized, 
however, that by the terms hepatic “albumin” and “globulin” are meant only those 
fractions which can be separated by precipitation with a 22 per cent solution of 
sodium sulfate at 37 C. It is not implied that these fractions exist as such in the 
liver or are identical with the albumin and globulin of the serum. 

By this technic the average protein content in the livers of 4 patients with 
non-neoplastic gastrointestinal disease was found to be 14.6 Gm. and the range from 
11.4 to 16.6 Gm. per hundred grams; the “albumin” averaged 3.65 Gm. and ranged 


TaBLe 6.—The Chemical Composition of the Human Liver 








Glycogen, Fat, Protein, Albumin, Globulin, 
Gm. per Gm. per Gm. per Gm. per Gm. per 
100 Gm. 100 Gm. 100 Gm. 100 Gm. 100 Gm. 
— ---~ —_—“——_ --o— —"——. le 
Aver- Aver- Aver- Aver- Aver- 
Subjects Range age Range age Range age Range age Range age 
4 patients with non-neoplastic gas- 1.33- 2.28 6.2- 11.8 11.4- 14.6 1,0- 3.65 6.7- 10.47 
trointestinal disease 3.55 17.0 16.6 4.7 14.05 
6 patients with non-neoplastic gas- 5.25- 7.35 2.3- 6.19 11.4- 13.80 1.5- 3.10 8.9- 11.11 
trointestinal disease after preoper- 9.45 8.5 15.8 4.4 12.9 
ative dextrose (250 Gm.) 
18 patients with gastrointestinal can- 1.0 2.91 5.3- 17.47 12.9 16.17 3.2- 5.27 8.0- 10.59 
cer 7.3 35.0 17.95 8.05 14.6 
1] patients with gastrointestinal can- 2.3- 4.29 3.9- 7.24 11.9- 15.32 3.0- 4.63 8.7- 10.18 
cer after preoperative dextrose (250 9.95 15.2 17.9 7.1 13.3 
Gm.) 
11 patients with gastrointestinal can-  1.1- 2.67 4.05- 8.05 14.5- 16.13 
cer after preoperative lipocaic (8 4.3 11.1 18.7 
Gm.) 
7 patients with gastrointestinal can-  1.1- 3.19 6.9- 11.21 
cer after preoperative choline chlo- 6.6 16.1 
ride (3 Gm.) 
8 patients with gastrointestinal can- 1.5 3.28 3.5 6.94 
cer after preoperative inositol] (1.2 4.95 16.7 


Gm.) 





from 1.05 to 4.7 Gm., and the “globulin” averaged 10.24 Gm. and ranged from 6.7 to 
14.05 Gm. No significant difference appeared to exist between these values and 
the corresponding values which were obtained for a group of 18 patients with gastric 
cancer. The total protein in the livers of these patients ranged from 12.9 to 
17.9 Gm. and averaged 16.17 Gm. per hundred grams; the “albumin” ranged from 
3.2 to 8.05 Gm. and averaged 5.27 Gm., and the “globulin” ranged from 8.0 to 
14.6 Gm. and averaged 10.59 Gm. Moreover, no correlation could be found 
between the concentration of protein in the liver and that in the serum of the 
patients studied.” 

It is interesting to note that the liver apparently does not contain large stores 
of “albumin.” Assuming an average weight of the liver of 1,500 Gm., the average 
concentration of 4.1 Gm. per hundred grams obtained for hepatic “albumin” would 
signify a total of only 61.5 Gm. of protein, or about one fourth of the amount of 
protein of the normal circulating serum albumin. Thus, if the “albumins” of the 


23. Robinson, H. W.; Price, J., and Hogden, C. G.: The Estimation of Albumin and 
Globulin in Serum: I. A Study of the Errors Involved in the Filtration Procedure, J. Biol. 
Chem. 120:481, 1937. 
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liver are similar to those of the serum or are converted readily into that fraction, 
the store they constitute for replacement of serum albumin is a small one. 

.The lipid content of 100 normal human livers obtained within a few hours after 
iccidental death has been reported to range from 2.42 to 8.50 Gm. and average 
4.98 Gm. per hundred grams.* By these standards it was found that 15 of 18 
jatients with gastric cancer had abnormally high values of hepatic lipid (greater 
than 8.50 Gm. per hundred grams). The average lipid content in the livers of 
these patients, who were made to fast preoperatively, was 17.27 Gm. and the 
ange from 5.30 to 35.0 Gm. per hundred grams of wet tissue. 

However, not only do patients with gastrointestinal cancer have an abnormally 
igh content of hepatic lipid, but the abnormality frequently may be aggravated 
urther by the operative procedures which they undergo.” Of 11 patients from 
vhose livers biopsy specimens were obtained at the beginning and at the conclusion 
f a three hour operation, 7 had an increase in the fat content of the liver at the end 
{ the operation. The average increase of the hepatic lipid was 1.95 Gm. per 
undred grams, and the range of increase was from 1.0 to 3.2 Gm. per hundred 
rams. These alterations probably represent an influx of fat to livers already so 
amaged as to be unable to metabolize it. The concentration of fat in the livers 

the remaining 4 patients did not rise. 

The possibility was considered that since fat is mobilized into the liver during 
arvation,”* the usual twelve to eighteen hour preoperative fast might per se account 
r the high content of lipid in the livers of the patients with gastric cancer. For 
at reason, 17 patients, 11 with gastric cancer and 6 with benign gastrointestinal 
sions, each was given 250 Gm. of dextrose during the ten hours preceding opera- 

nm. After this therapy the lipid content in the livers of the 6 patients with benign 

sions was within normal limits and averaged 6.19 Gm. per hundred grams; that 
the 11 patients with gastric cancer was 7.24 Gm. per hundred grams. These 
ndings, therefore, suggest that the deposits of fat in the livers of patients with 

\stric cancer may be decreased by the preoperative ingestion of sugar. 

The same effect can be accomplished in these patients by the preoperative 
dministration of lipocaic. In 11 patients with gastrointestinal cancer who received 

Gm. of this material preoperatively, the average fat content of the livers was only 
05 Gm. per hundred grams. The effect of lipocaic probably was not due to its 
ontent of choline, but might be due to its inositol component (table 6). 

That the presence of gastrointestinal cancer, even when it is restricted to its 
-ite of origin, plays a significant role in the development of the hepatic insufficiency 
s shown by the fact that patients who have had a gastrointestinal cancer removed 
ave considerably less evidence of hepatic dysfunction than do those who still 
ear cancer.’* Studies of hepatic function now have been made on 19 patients 
whose gastrointestinal cancer was removed successfully and who had survived free 
f disease for from two months to ten years after operation. The results indicate 
that of these 19 patients, 32 per cent had no evidence of hepatic insufficiency, 48 
per cent had only one such evidence and 20 per cent had two hepatic abnormalities. 
Such a difference in the degree and extent of hepatic insufficiency between the 
patients with gastrointestinal cancer and those who have had such a lesion surgically 
removed strongly suggests that the very presence of the cancer imposes on the liver 
a physiologic dysfunction which is in part reversible. Whether or not the removal 
of the gastrointestinal cancer also is followed by a decreased content of fat and an 
increased amount of glycogen in the liver is not known. Experiments to secure 
this information now are under way. 

An analogous situation has been noted in animals with hepatomas induced by 
the carcinogen dimethylaminoazobenzene (butter yellow). The very presence of 
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the tumor in the organism, even when transplanted to a structure considerably 
distant from the liver, results in severe hepatic dysfunction, as indicated by a 
considerable depression in the synthesis of certain enzymes by the liver. The 
excision of “butter yellow tumors” is followed quickly by a return of normal 
hepatic function.** 

The fact that hepatic insufficiency is so closely associated with the presence of 
gastrointestinal cancer bears repeated emphasis. Patients with cancer of the 
gastrointestinal tract frequently are subjected to prolonged anesthesia and extensive 
surgical procedures, which are injurious even to normal livers.** It is reasonable 
to believe that further injury to an already damaged organ might give rise to 
serious problems during the course of the operation and in postoperative care.*™ 

Even in the normal person, the administration of certain anesthetics and 
manipulation of the liver have been shown to induce a transitory hepatic insuf- 
ficiency. The normal liver will recover completely from these effects, but the 
damaged organ, further impaired by toxic agents, may not return even to its 
previously reduced functional capacity. Some of the patients herein reported on 


TaBLe 7.—The Effect of Loss of Blood on the Size of the Erythrocytes of Patients 
with Gastrointestinal Cancer 








Percentage of Patients with 


—_ ee 








~— a 
Macrocytosis, Normocytosis, Microcytosis, 
Mean Corpus- Mean Corpus- Mean Corpus- 
cular Volume cular Volume cular Volume 

Greater than 80 to 94 Less than 
Patients 94 Cubie Microns Cubie Microns 80 Cubie Microns 
39 with loss of blood................ ESE 32 58 10 
Ge ee ee I nk 6d x baccesttcickicbecns 42.5 49 8.5 





not only received inhalation anesthetics but were given combinations of larg: 
amounts of barbiturates both by mouth and intravenously. These drugs, known 
to be detoxified by the liver,** probably impose an added load on an already 
damaged organ. 

The occurrence of hypoproteinemia, especially when due to impaired hepatic 
fabrication of protein, is not to be considered a transient phenomenon. Hypo- 
proteinemia in patients with gastrointestinal cancer represents a serious compli- 
cation which frequently can be treated only by direct replacement of the serum 
proteins. The high incidence (10 per cent) of wound disruption in a group of 
50 patients with gastrointestinal cancer who were hypoproteinemic testifies to the 
seriousness of the problem at hand.** 

The high incidence of anemia (73 per cent) in patients with gastrointestinal 
cancer probably plays an important role in their postoperative course. The anemia 
in 91 per cent of these patients is either macrocytic or normocytic and usually is 
refractory to therapy (table 7).%* 


24. Maver, M. E.; Mider, G. B.; Johnson, J. M., and Thompson, J. W.: The Comparative 
Proteinase and Peptidase Activities of Rat Hepatoma and Normal and Regenerating Rat Liver, 
J. Nat. Cancer Inst. 2:277, 1941. 

25. (a) Miller, L. L., and Whipple, G. H.: Chloroform Liver Injury Increases as Protein 
Stores Decrease: Studies in Nitrogen Metabolism in These Dogs, Am. J. M. Sc. 199:204, 
1940. (b) Lord, J. W., Jr.; Andrus, W. De W., and Moore, R. A.: Metabolism of Vitamin 
K and Role of the Liver in Production of Prothrombin in Animals, Arch. Surg. 41:585 (Sept.) 
1940. 

26. Wilder, R. M., and Wilbur, D. L.: Diseases of Metabolism and Nutrition: Review of 
Certain Recent Contributions, Arch. Int. Med. 61:297 (Feb.) 1938. 
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Evidently the element of loss of blood influenced but little the type and degree 
f anemia present in the patients with gastrointestinal cancer, for the incidence 
f macrocytosis and of microcytosis was as great among patients who had suffered 

loss of blood as among those who had not (table 7). That anemia can be induced 
improper synthesis of hemoglobin from protein already has been demonstrated 
patients with acute injury to the liver or with cirrhosis.*° It is therefore probable 
hat the macrocytic or normocytic anemia found in the patients with gastrointestinal 
ancer likewise was secondary to hepatic dysfunction and deranged protein 
etabolism. 

A further serious consequence of hepatic dysfunction in patients with gastro- 
testinal cancer is the factor of hypoprothrombinemia. In contrast to the hypo- 
‘othrombinemia due to nutritional deficiency or malabsorption of vitamin K, that 
hich exists in patients with hepatic disease is refractory even to the parenteral 
ministration of large amounts of the vitamin. This observation recently has 
een confirmed here, too, in 6 patients with cancer of the stomach and in 25 
\tients with cancer of the large bowel.?7 Furthermore, the severity of the hypo- 
othrombinemia with few exceptions is increased during and after the operative 
ocedure—often to a point where bleeding tendencies may ensue. At present it 
uld appear that the only means at hand to combat this complication are those 
rected toward a general improvement of the hepatic dysfunction. 

In conclusion, therefore, patients with cancer of the gastrointestinal tract were 
und to have a high incidence of hepatic dysfunction. This dysfunction may 
count for the fact that such patients become unable to distribute vitamin A 
operly and frequently suffer from hypoproteinemia. Although no morphologic 
anges were noted in the livers of most of the patients, chemical analysis of the 
ssue often revealed an abnormal content of hepatic lipid. 

The existence of hepatic dysfunction in patients with gastrointestinal cancer 

especially important because of the augmented hazard it imposes on their 
erative and postoperative course. Delayed wound healing, refractory anemia 
d hypoprothrombinemia, impaired fabrication of protein and tendency to infec- 
ms may all be associated with hepatic insufficiency and possibly may be directly 
1e to it. Moreover, the surgical manipulation and the anesthesia which these 
itients undergo produce further hepatic insufficiency, deprive the liver of its store 
glycogen, and often infiltrate the tissue with fat. 


D. METABOLIC ABNORMALITIES OF THE POSTOPERATIVE PERIOD 


Although many of the metabolic abnormalities found in patients with gastro- 
intestinal cancer subside after the surgical removal of the lesion, these patients 
nevertheless often have a prolonged and difficult postoperative course. Loss of 
weight, dyspepsia, hypoprothrombinemia and refractory anemia are especially 
characteristic of the postoperative period of patients who undergo gastric resection. 


1. Absorption of Fat After Total Gastrectomy.—In order to ascertain the cause 
of the postoperative complications, it became necessary to investigate the ability 
of the patients to digest and absorb from the alimentary tract simple dietary con- 
stituents. Thus far, of these dietary constituents, a detailed study has been made 
only of the absorption of fat by the patients who underwent gastrectomy and by 
a group of persons used as controls.** 

27. Abels, J. C.; Binkley, G. E., and Rhoads, C. P.: Unpublished data. 
_ 28. Rekers, P. E.; Abels, J. C., and Rhoads, C. P.: Metabolic Abnormalities in Patients 
with Cancer of the Gastro-Intestinal Tract: IV. Fat Metabolism; a Method of Study, J. Clin. 


(Footnote continued on next page) 
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The absorption of fat from the gastrointestinal tracts of the subjects studied 
was determined by the direct measurement of the fat excreted in the stools. Fifty- 
four stool specimens of from one to four day periods were collected from 8 control 
subjects. These persons ate daily basal diets which contained from 35 to 80 Gm. 
of fat. The lipid content of their stool specimens varied from 1.0 to 6.5 Gm. per 
day, and the average amount of fat excreted by each individual varied from 2.1 to 
5.1 Gm. per day. 

In marked contrast to these values were the amounts of fecal lipid excreted 
by 3 patients who had survived total gastrectomies for from six to eighteen months. 
Although they had taken a diet which contained only 40 Gm. of fat, their output 
of fecal fat in all of 13 specimens collected over periods of from three to four days 
was greater than the largest amount excreted by any one of the control subjects. 
The amount of fat in the stools of 3 gastrectomized patients was found to vary 
from 7.9 to 53.5 Gm. per day and averaged 15.6 Gm. per day, or about five times 
the average control value. 

This increased excretion of fat readily was shown to be of dietary origin. One 
of the 3 patients was given a fat-free diet for fourteen days, during which time 
his fecal lipid output fell from 39 to 6 Gm. per day. The addition at that time 
of 40 Gm. of fat to his diet was followed immediately by excretion of about 34 Gm. 
of lipid per day. 

As the cause of the steatorrhea, the following factors were considered: 


1. Intestinal motility: Since the patients lacked a stomach, they no longer 
had a proper regulatory mechanism for the flow of food through the intestines. 
However, it was found that a patient who had undergone a subtotal gastrectomy 
but who retained the pyloric third of the organ likewise excreted abnormally large 
amounts of fecal fat (from 13 to 18 Gm. per day). Furthermore, roentgenographic 
examination of the 3 patients who had undergone total gastrectomy did not reveal 
abnormally increased intestinal motility. In 2 of the 3 patients small intestinal 
pouches with a capacity of about 200 cc. were observed. 


2. Lack of gastric secretion: The steatorrhea was also explained as being 
due to a lack of gastric secretion. This explanation, however, probably was not 
valid, for although the patient who underwent a subtotal gastrectomy had a con- 
siderable loss of fat in his stools, he did have normal amounts of free and combined 
hydrochloric acid in his gastric juice. Moreover, the daily addition of 33 Gm. of 
stomach U. S. P. (as a source of antianemia intrinsic factor) daily for ten days to the 
diet of 1 of the patients who had undergone a total gastrectomy was not followed by 
any decreased excretion of fat. 


3. Presence of gastric cancer: The possibility next was investigated that the 
previous existence of the gastric cancer had induced the development of steatorrhea. 
This theory, however, was not tenable, for the fecal excretion of lipid by a patient 
with a gastric cancer in situ was found to be within normal limits. This patient 
excreted from 5.2 to 8.9 Gm. per day while taking a diet which contained 90 Gm. 
of fat. 

4. Deficiency of bile salts: A deficiency of bile salts in the intestines and con- 
sequent impairment of lipid absorption never was considered very seriously as a 
cause for the steatorrhea. None of the 3 patients who had total gastrectomy had 
had any operation on the biliary tract, none had acholic stools at any time and, 


Investigation 22:243, 1943. Rekers, P. E.; Pack, G. T., and Rhoads, C. P.: Metabolic 
Abnormalities in Patients with Cancer of the Gastro-Intestinal Tract: VI. Disorders in 
Digestion and Absorption in Patients Who Have Undergone Total Gastrectomy, Surg., Gynec. & 
Obst., to be published. 
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finally, the addition of 4 Gm. of bile salts per day to the diet of 1 of the 3 increased 
the daily excretion of fat from 22 to 33 Gm. 


5. Pancreatic function: Of the numerous possible causes for the existence 
of steatorrhea, the most likely appeared to be an inability of the patients to digest 
the dietary fat for its proper absorption through the gastrointestinal mucosa. 
Unfortunately, it was not feasible to ascertain the validity of this hypothesis by 
direct measurement of neutral fat and of fatty acids in the stools. Evidence was 
provided, however, which strongly suggested that the patients subjected to total 
gastrectomy no longer were able to digest fat. This evidence consisted of the 
observation that the daily oral administration of 25 Gm. of pancreatic enzymes to 1 
of the 3 patients reduced his fecal output of fat from 20 Gm. to the almost normal 
value of 7.5 Gm. per day. The withdrawal of the pancreatic enzymes from the 
liet was followed within a few days by the reappearance of the steatorrhea. These 
»bservations still are to be confirmed in other patients who have undergone gastrec- 
tomy. It is interesting to note that the daily administration of 6 Gm. of lipocaic, 
. lipotropic material obtained from the pancreas, to 1 of the 3 patients for ten 
lays was without effect on the steatorrhea. 

6. Effect of dietary protein: There is some reason to believe that the absorption 
f one or another dietary constituent from the gastrointestinal tract may be influ- 
‘nced by their relative proportion in the diet. For that reason, the diet of the 3 
vatients with steatorrhea was supplemented for fou~teen days with from 70 to 
100 Gm. of protein in the form of cooked beef. In 2 of the 3 patients this increased 
ngestion of protein was foliowed by a fall in the fecal output of lipid from 13.0 and 
12.0 Gm. to 3.4 and 6.8 Gm. per day. On the other hand, a single addition of 
100 Gm. of dextrose to the diet of the 3 patients had no effect whatever on the 
severity of the steatorrhea. 

In summary, of 3 patients subjected to total gastrectoniy and 1 subjected to 
subtotal gastrectomy for the excision of gastric cancer, all suffered from steatorrhea. 
[his steatorrhea apparently is related to the dietary content of fat, and possibly 
of protein, and to the fat-splitting pancreatic enzymes. It is especially interesting 
that no organic disease of the pancreas was suspected in these patients. Certainly 
it is conceivable that the loss of weight, the dyspeptic symptoms and perhaps an 
eventual deficiency of fat-soluble vitamins could be attributed to steatorrhea. 


2. Postoperative Hypoprothrombinemia.—A study of the levels of prothrombin 
in the plasma of 25 patients with cancer of the lower part of the gastrointestinal 
tract who were subjected to surgical procedures revealed that in 19 instances 
the plasma prothrombin level had fallen to from 4 to 54 per cent of the preoperative 
concentration. Whereas preoperatively 18 patients had hypoprothrombinemia, 
within the first three days after operation this abnormality was noted in 24.*" 

Unfortunately, the hypoprothrombinemia of patients with cancer of the lower 
part of the gastrointestinal tract does not respond well to the parenteral administra- 
tion of vitamin K. All of the 25 patients received intramuscularly from 4 to 
6 mg. of menadione during the first ten postoperative days. At the end of this 
time, the plasma prothrombin levels increased moderately in 10 instances, did not 
change in 7 and actually decreased further in 8. Despite the fact that there was an 
elevation of the level of prothrombin in the plasma of 10 patients, 23 of the 25 
(92 per cent) still had significant degrees of hypoprothrombinemia.”* 

Furthermore, it appears that the frequent hypoprothrombinemia in patients 
whose gastrointestinal cancer had been removed may persist for several months. 
In another group of 19 patients who were free of disease for from two months 
to ten years after the surgical excision of a gastrointestinal cancer, 6 still had 
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abnormally low plasma levels of prothrombin. The incidence of other hepatic 
abnormalities was considerably less than that of the persistent hypoprothrom- 
binemia.** 

3. Postoperative Anemia.—Although the degree and incidence of anemia in 
patients whose gastrointestinal neoplasms have been removed have been found to 
be less than in patients still bearing the tumors, a mild degree of anemia frequently 
may persist. This is especially the case in patients subjected to a gastric surgical 
operation. For 9 patients who underwent subtotal gastric resections and 3 who 
underwent total resections six months to ten years previous to this study, the mean 
hemoglobin content was found to be 75.5 per cent with a range of from 63.3 to 87.7 
per cent. The mean average red cell count was 3,910,000, with a range of from 
3,320,000 to 4,350,000. Of all the 12 patients, 6 had a hemoglobin content below 
80 per cent, 3 had a red cell count below 4,000,000 and 2 had macrocytosis. 

The fact that the mean hemoglobin content and the red cell count of the patients 
who have undergone gastric resection are greater than those of the patients whose 
cancer has not been removed suggests some improvement in hemopoiesis. 


CONCLUSIONS 

In conclusion, then, it would appear that patients with gastrointestinal cancer 
suffer from several metabolic abnormalities which may endanger their operative 
and postoperative course. Many of these abnormalities probably are related to 
hepatic insufficiency, which probably is induced by the very presence of the gastro- 
intestinal neoplasm. The removal of the cancer often is followed by a disappear- 
ance of the metabolic dyscrasias, principally that which involves the fabrication 
of serum protein. However, other dysfunctions, of which hypoprothrombinemia 


is the most prominent, persist well into the postoperative period. Total, and perhaps 
subtotal gastric resection, although necessary for the surgical treatment of the 
patient, may institute a new metabolic disturbance—steatorrhea and consequent 
loss of weight. 


A proper recognition of these preoperative and postoperative complications 
should be necessary for the best treatment of the patient with gastrointestinal 
cancer. While it may be impossible at the present time to counteract all of these 
abnormalities, many can be corrected in time to prevent serious consequences. 

155 East Seventy-Second Street. 

444 East Sixty-Eighth Street. 
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MISTAKES AND MISUNDERSTANDINGS IN THE 
ROENTGENOLOGIC DIAGNOSIS OF 
GASTRIC CANCER 


B. R. KIRKLIN, MD. a 
ROCHESTER, MINN. 


Lest any one misapprehend the purpose of this paper, let it be said at the 
itset that what follows is not designed to be a defense of the_ roentgenologic 
ethod or an apology for its shortcomings. Neither is needed, for the general 
ficiency and reliability of roentgenologic examination in disclosing and identi- 
ing cancer of the stomach cannot be impugned, and it is safe to say that no 
actitioner of modern medicine would consider any diagnosis or exclusion of 
ncer to be complete and convincing without the roentgenologic opinion. Yet 
ere are real errors, such as failures to discover lesions or to predict their true 
aracter, and apparent errors, which in fact are only misunderstandings as to 

implications of certain roentgenologic reports. Although the proportion of 
ese actual and fancied lapses is not large, they are sometimes made the basis 
expressed or implied criticism that from the viewpoint of the roentgenologist 
es not appear to be fair or constructive. From one angle of view such criticism 
ght be regarded as complimentary, in that it may imply expectation of perfec- 

n in the roentgenologic diagnosis of cancer. But the roentgenologist does not 

any claim to infallibility and is more than willing to point out his mistakes, 
iether proved or imagined, in the hope of promoting a frank and clear under- 
inding with his clinical and surgical colleagues. 

One variety of error that is utterly indefensible is failure to discover any 
‘isting gastric cancer, whatever its size, situation or morphologic characteristics 
ay be. Roentgenologic examination will exhibit any gastric lesion that is 
pable of producing symptoms or that can be seen macroscopically, and failure 
discern it should be charged to the examiner, not to the method. Even so, 
neers occasionally are overlooked, not only by novices but by thoroughly experi- 

enced examiners, and extensive lesions as well as small ones may escape discovery. 
Most of these errors arise from a small but potent cause—a moment’s distraction 
during the process of examination or neglect to apply a minor technical detail— 
the inevitable human negligence like that which sometimes results in a missed 
clinical diagnosis or needless fatality from operation. ; 

Clinicians and surgeons, knowing as they do that roentgenologic methods are 

capable of demonstrating cancers having a diameter of only a few millimeters, 
doubtless wonder how any gross cancer could elude even the most casual roent- 
genologic inspection. It is true that the large, soft cancers deform the stomach 
so much that their presence should always be obvious; but scirrhous cancer, even 
though fairly extensive, may not distort the lumen noticeably, and unless the 
examiner studies the mucosal relief he may not discover the lesion. Often a cancer 
of the cardia will not be discovered unless the region of the gas bubble is inspected 
closely. However, while an explanation for some errors of omission can be 
offered, none are really excusable, and in extenuation it can be said only that 
they are relatively rare, for probably less than 1 per cent of cancers pass unseen 
when roentgenologic methods are employed. 


From the Section on Roentgenology, the Mayo Clinic. 
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More common are the failures, mistakes and misunderstandings in the roent- 
genologic differential diagnosis of cancer from benign lesions. Small lesions in 
the juxtapyloric segment of the stomach are notoriously hard to identify specifically, 
and they account for most of the incomplete diagnoses of gastric disease. Hyper- 
trophy of the pyloric muscle, hypertrophic rugae, some duodenal ulcers, benign 
gastric ulcer with accompanying spasm and small prepyloric cancers all produce 
elongation and narrowing of the pyloric canal, so that all these lesions and condi- 
tions look much alike. Hypertrophy of the pyloric muscle or of the antral rugae 
usually can be distinguished and specifically diagnosed. It might be supposed 
that recognition or exclusion of duodenal ulcer would also be easy, for roent- 
genologic examination is particularly reliable in this field, but in occasional instances 
the duodenal bulb is so markedly narrowed directly or indirectly by the ulcer or 
so inadequately filled with barium that the situation of the pylorus cannot be 
determined and the examiner cannot tell whether the lesion is prepyloric or post- 
plyoric and hence is unable to predict its nature. Such duodenal ulcers, togethe: 
with the prepyloric gastric ulcers and cancers, many of which cannot be identified 
confidently or at all, often oblige the examiner to return a nonspecific diagnosis 
of “lesion at the outlet.” He thus assumes that his colleagues are aware of the 
reasons for his lack of precision and will appreciate the fact that the diagnosis is 
positive at least as to the existence of disease and its juxtapyloric situation. Fu 
thermore, if he attempts to distinguish malignant from benign prepyloric lesion: 
and errs, he expects the error to be regarded tolerantly. 

But the aggregate of incomplete and wrong diagnoses is small in compariso 
with the number of misunderstandings by clinicians and surgeons as to the rese: 
vations implicit in certain roentgenologic diagnoses and reports. Most of these 
misunderstandings arise from diagnoses of benign tumors of the stomach an: 
gastric ulcer and reports as to the operability of gastric cancers. 

Benign intragastric neoplasms commonly have gross characteristics that fav: 
roentgenologic identification, for most of them are smoothly ovoid polyps wit 
only superficial ulceration, if any, and thus contrast strongly with the malignan: 
tumors, which usually have noticeably irregular surfaces produced by deep ulcera 
tion and are not often pedunculated. Although the essentially nonmalignant ne: 
growths are made up principally of adenomatous, fibrous or other benign tissues, 
thorough sectioning and microscopic examination often reveal a limited region in 
which there are malignant cells. The roentgenologist feels warranted in diagnosing 
such tumors as benign because they are chiefly so, and he assumes that the rather 
common presence in them of localized malignant cells will not be forgotten by his 
consulting colleagues ; on the other hand, the pathologist who discovers the malig- 
nant element has reason to feel that this is much more important than the general 
composition of the neoplasm and he is likely to return a diagnosis of cancer with- 
out further qualification. Thus, onthe basis of the formal record the roentgenolo- 
gist is chargeable with a definite error, and it will so appear in subsequent statistical 
reviews. 

Small ulcerating cancers, malignant ulcers and benign ulcers of the stomach 
resemble each other strongly, especially after excision. However, the roentgen- 
ologist can identify most of the ulcerating cancers by their persisting remnants of 
tumefaction and their pseudoniches which do not penetrate into the gastric wall. 
Likewise, he can recognize many of the malignant ulcers because they are unduly 
large, or have irregular, insensitive craters, and are not accompanied by spasm. 
The third variety of ulcerous lesion, benign ulcer, has a rather regularly hemispheric 
true niche that is sculptured in the gastric wall, is surrounded by distorted or con- 
vergent rugae, is sensitive to pressure and usually gives rise to gastrospasm. All 





such ul 
qualifyi 
discerne 
positive 
scopical 
feels th 
vill be 
To 
enign 
he cap 
S app 
ipricic 
But 
ient al 
ens 2 
reates 

s his 
ware 
xplore 
nwilli 
asis f 
rrors 
imor 
agno 


msul! 
An 


incer 
» be 
ise O 
on oO 
ompl: 
hat w 
by an 
resect 
consul 
resect. 
is not 
tive f; 
invasi 
metas 
can e 
edge” 

Fi 
ties, | 
segm 
the Ie 
remo 
exist. 


appr 


KIRKLIN—ROENTGENOLOGIC DIAGNOSIS OF CANCER 863 


such ulcers are diagnosed by the roentgenologist as gastric ulcers, without any 
qualifying adjective but with the implication that as no marks of malignancy were 
discerned the ulcers are probably benign, although malignancy cannot be excluded 
positively. The fact that 10 per cent or more of gastric ulcers are found micro- 
-opically to be malignant has been publicized thoroughly and the roentgenologist 
feels that his diagnoses have not been misleading, for he assumes that every ulcer 
vill be considered as potentially malignant until proved innocent. 

To surgeons and clinicians the misunderstood or partly mistaken diagnoses of 
enign tumor and gastric ulcer are likely to be surprising and vexatious ; knowing 
ie capabilities of the roentgenologic method, these consultants are perplexed at 
s apparent fall from grace and are inclined to wonder if the roentgenologist is 
ipricious and inconsistent in his interpretations. 

But, of course, the roentgenologist cannot afford to be temperamental in judg- 
ient and is obliged to draw his conclusions logically and consistently from objective 
ens alone, for he has learned from experience that only in that way can the 
reatest proportion of correct diagnoses be obtained. He is just as keenly solicitous 
s his colleagues that no operable cancer shall escape identification and is well 
ware that in about two thirds of the cases of gastric lesions in which surgical 
xploration is performed, the lesion is found to be malignant, but he is rightly 
nwilling to label any lesion as cancerous unless there is an adequate roentgenologic 
isis for that diagnosis. Most of the resulting misunderstandings or so-called 
rors could be avoided by adding to every roentgenologic diagnosis of benign 
imor the caution that many such tumors are partly malignant, and to every 
agnosis of gastric ulcer the warning that about a tenth of gastric ulcers, even 
iough they may appear roentgenologically to be benign, turn out to be cancer- 
us, but such reports would not be complimentary to the intelligence of other 
msultants. 

Another prolific source of outright errors, inaccuracies and misunderstandings 

the roentgenologic estimate as to the probable resectability in cases of gastric 

incer, for circumstances combine to handicap this effort of the roentgenologist 
' be helpful. Chief among such handicaps is the fact that the resectability in a 
ise of gastric cancer depends primarily on the skill, courage and personal equa- 
on of the surgeon concerned with the case, rather than on the various qualities, 
ymplications and roentgenologic characteristics of the growth. Thus, a cancer 
hat would be regarded by one surgeon as utterly inoperable would be considered 
y another to be fairly resectable. Hence, the roentgenologist’s opinions as to 
resectability, unless he is familiar with the abilities and customs of the surgical 
consultant, are likely to be disapproved and criticized by the latter. However, 
resectability, which connotes the utility and advisability of attempting resection, 
is not determinable solely on a subjective basis but is largely dependent on objec- 
tive factors, such as the situation and extent of the growth, the invasion or non- 
invasion of structures adjacent to the stomach and the presence or absence of 
metastasis. Concerning most of these elements roentgenologic examination usually 
can elicit significant data and on these data, together with the examiner’s knowl- 
edge“of current surgical practices, the opinion as to resectability is based. 

For many years it was considered commonly that, because of technical difficul- 
ties, cancer of the cardiac portion of the stomach or cancer extending into this 
segment from below could not be removed. Today, with modern surgical technics, 
the left costal arch is no longer an insuperable barrier, and some surgeons often 
remove cancer of the cardia unless the esophagus is implicated or other deterrents 
exist. If the surgeon is familiar with and skilful in the use of the transthoracic 
approach, he can remove cancer involving the cardia and lower part of the 
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esophagus. However, surgeons who prefer to limit their resections to cancer in 
the pyloric half of the stomach continue to be interested in the proximal limit of 
the growth. This the roentgenologist tries to determine, but although he makes 
liberal allowances for extension beyond that depicted, his estimate often falls short. 
Fixation or restricted mobility of the growth, indicative of its extension or inflam- 
matory attachment to structures outside the stomach, often is determinable and 
is an obstacle but not always a definite bar to resection. Metastasis to abdominal 
lymph nodes is an extremely common cause of abandoning the projected removal 
of cancer reported roentgenologically as apparently resectable. That roentgenologic 
methods will not disclose such metastasis should be well known by this time, and 
it is unfair to charge that limitation of the method as an error on the part of the 
roentgenologist. 

As a result of these circumstances, half or more of the cancers that appear 
roentgenologically to be resectable prove on exploration to be inoperable, often 
to the annoyance and surprise of medical and surgical consultants, although the 
roentgenologist repeatedly has admitted his limitations in this field. In view of 
the facts it would seem advisable for the roentgenologist to cease reporting general 
conclusions as to resectability in any case of gastric cancer, unless he is acquainted 
intimately with the views and practices of all other consultants in the case. In 
the absence of such acquaintance, the factual roentgenologic observations, without 
any deductions, might well be recorded or else reported and canvassed at a con- 
ference of the medical advisers. At all events, roentgenologic data are becoming 
less important in determining resectability, for exploration, which alone can defi- 
nitely confirm or negate the diagnosis and settle the question of radical or palliative 
operation, is being recommended or demanded with steadily increasing frequency. 

It is noteworthy that the roentgenologist rather seldom diagnoses benign lesions 
as malignant or resectable cancers as inoperable, and complaints on this score are 
rare. Thus the predominance of mistakes in the opposite direction may seem t 
indicate that he is prejudiced in favor of the benignancy of gastric diseases and the 
resectability of cancer. As a matter of fact, his prejudices, if he entertains them 
at all, would swerve him the other way, for he knows that most gastric lesions are 
malignant and most cancers inoperable. Perhaps the chief reason for his failures 
—and successes—is his strict adherence to the diagnostic codes and differential 
criteria that hard experience has taught him. If that is true, he will probably 
continue to make mistakes, or be accused of them, until he learns more about 
his art, or until his clinical and surgical associates learn more about it. 


The Mayo Clinic. 
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GASTROSCOPIC DIAGNOSIS OF GASTRIC CANCER 





LEON SCHIFF, M.D. 
CINCINNATI 


The flexible gastroscope has come into widespread use, and reports attesting 
its value in the diagnosis of gastric disease are numerous. In cases of gastric 
ircinoma it enables the examiner not only to detect the presence of the tumor 
it to determine its location, character and extent. On the other hand, it is of 
ilue in excluding the presence of gastric cancer in certain suspected cases, thus 
equently preventing unnecessary operation. In this way Taylor’ believed that 
- had probably averted an exploratory laparotomy in 25 of 68 suspected cases. 
Unfortunately, gastroscopic examination may fail or prove unsatisfactory in 
me patients with gastric cancer. Obstruction at the cardia may prevent the 
-aminer from introducing the instrument. Necrotic material, blood or barium 
ilfate may obscure visibility in the presence of pyloric obstruction. Spasm “ahead 
the tumor” may occasionally conceal the lesion when located in the antrum.’ 
here may be no visibility in cases of linitis plastica owing to inability to inflate 
e stomach. Furthermore, the lesion may be entirely overlooked when situated 
one of the so-called blind areas. These comprise part of the cardia, part of the 
ndus, the upper part of the lesser curvature,* the upper part of the posterior 
ull, the lesser curvature and adjacent posterior wall of the antrum and part of 
ie greater curvature where the tip of the instrument impinges on the gastric 
ill. 

[ have to a certain extent attempted to follow Borrmann’s macroscopic classifi- 
ition of gastric cancer into four types, as advocated by Schindler.* The first, or 
lypoid, type is a lobulated tumor projecting into the lumen of the stomach, with 
n irregular, lumpy surface which may be hemorrhagic or ulcerated. The second 
pe comprises the malignant ulcer, usually shallow, with a raised, everted edge 
nd a floor which is usually sloughing and brown, dark red, dirty gray or, less 
requently, white. This contrasts with the usually deep crater, sharp, often partly 
indermined edge and white base of the benign ulcer. Type 3 carcinoma consists 
- an ulcer in which part of the wall is missing because the lesion has infiltrated 


the surrounding mucosa. I have had much difficulty in determining this type 
vastroscopically. This may be due in part to inability always to see the entire border 
of a malignant ulcer even when it is intact. The fourth type is the infiltrating lesion 


This work was aided in part by a grant from the National Cancer Institute. 


From the Department of Internal Medicine of the University of Cincinnati Medical School, 
and the Gastric Research Laboratory of the Cincinnati General Hospital. 


1. Taylor, H.: Practical Evaluation of Gastroscopy (Hunterian Lecture), Lancet 1:131 
(Feb. 1) 1941. 


2. Walters, W.: Surgical Treatment of Ulcerating Gastric Lesions, with Correlated 


Roentgenologic Studies, Am. J. Roentgenol. 43:819 (June) 1940. 


3. F. E. Templeton and R. C. Boyer (The Diagnosis of Gastric Cancer: An Analysis of 
the Gastroscopic and Roentgenologic Findings, Am. J. Roentgenol. 47:262 [Feb.] 1942) recently 
emphasized the fact that 15 of 22 (benign) gastric ulcers which were visible in the roent- 
genogram but not on gastroscopic examination were situated “on or near the lesser curvature 


about half way between the gastric angle and esophageal orifice.” 


4. Schindler, R.: Early Diagnosis of Cancer of the Stomach: Gastroscopy and Gastric 


Biopsies, Gastrophotography and X-Rays, J. Nat. Cancer Inst. 1:451 (Feb.) 1941. 
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with rigidity or reduction of the gastric lumen which may not be affected by infla- 
tion. The mucosal surface appears grayish and nodular and is usually not ulcerated. 
It may be difficult to differentiate this type of tumor from hypertrophic gastritis, 
syphilis, lymphosarcoma or leukemia. Like Schindler, I have found that the 
majority of cases are of the diffuse infiltrating type. For excellent illustrations of 
the gastroscopic appearance of gastric cancer, the reader is referred to the books 
of Schindler ° and Moutier.® 

According to Schindler * type 1 carcinoma grows slowly and type 2 metastasizes 
late, while the prognosis of types 3 and 4 is relatively much less favorable in spite 
of early surgical intervention. My own experience is as yet insufficient to permit 
of any conclusions along these lines. 

My experience with gastroscopy is limited to the use of the flexible gastroscope 
and is based on 1,366 examinations made since April 1936. I have used the 
gastroscope to examine (one or more times) 95 patients with gastric cancer, for 78 
of whom the diagnosis was verified by either operation or autopsy. 


TABLE 1.—Analysis of Gastroscopic Examinations in Seventy-Eight Proved Cases 
of Gastric Cancer 








Number of Cases 
Examination unsatisfactory: 


ED GIR ooo daca pare ebar@hivecnciewcschleunthenebhetabouds sehdgans 
DURST .SOOSIOS By BOCES GO c oc oo ic 09000865 ccbe dhe ceccccsevececnsee 
Linitis plastica preventing inflation of stomach 


Total 


Tumor entirely overlooked: 
In prepyloric region 
High on posterior wall 
Total 


Tumor mistaken for another type of lesion 
Tumor correctly diagnosed 





* In 2 of these cases the lesion was correctly diagnosed on subsequent examination. 


RESULTS OF EXAMINATIONS 


Analysis of the examinations in the cases in which the diagnosis was proved 
is given in table 1. 

Examination Unsatisfactory—Resistance at the cardia was apparently due to 
direct encroachment of the neoplasm. This type of resistance does not always 
indicate the presence of organic obstruction, as it may be due to spasm. Occa- 
sionally, when there is no obstruction at the cardia, by waiting a few moments and 
manipulating the instrument in a most gentle fashion one may help it slip into 
the stomach. It is also possible that no resistance will be encountered if the 
examination is repeated on another day. Retained gastric contents usually con- 
sisted of necrotic or grumous material. In an instance of pyloric obstruction 
barium sulfate was still present in the stomach five days after it had been admin- 
istered by the roentgenologist. Schindler ° has emphasized the inability to inflate 
the stomach in cases of linitis plastica, an occurrence which should per se suggest 


5. Schindler, R.: Gastroscopy: The Endoscopic Study of Gastric Pathology, Chicago, 
University of Chicago Press, 1937. 

6. Moutier, F.: Traité de gastroscopie et de pathologie endoscopigue de l’estomac. Paris. 
Masson & Cie, 1935. 
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the presence of this lesion. However, I had such an experience with a patient 
with antral carcinoma, in whom during a second examination made a week after the 
first the stomach was readily distensible. The initial failure was probably due to 
spasm. Experience has emphasized the importance of repeating the gastroscopic 
examination when it proves unsatisfactory or inconclusive. 


TaBLe 2.—Proved Cases of Gastric Carcinoma in Which Lesion Was Misinterpreted 
on Gastroscopic Examination 








mber Patient Gastroscopic Diagnosis Comment 


I J. BR. Benign ulcer Sharply defined border; whitish base 
2 SR Benign ulcer Temporary healing; correct diagnosis in 3 of 4 
examinations 
Benign ulcer Border sharp; base white and deep; temporary 
healing 
Benign ulcer....... Entire lesion not seen 
Benign ulcer Base white; border sharply defined 
Duodenal ulcer (presumptive) Antral distortion misleading 
Hypertrophic gastritic Changes characteristic 
Hypertrophic gastritis........ Large, rigid folds 
Superficial] gastritis........... Malignant changes at first obscured (or over- 
looked); diagnosis made subsequently 








Fig. 1—Photograph of a drawing of an ulcer (case 1, table 2) made at gastroscopic exami- 

tion, with all the characteristics of a benign lesion (sharp border, deep crater, white base, 
with a small clot near the center and swollen radiating rugae). The growth was found to be 
malignant ten months later. 


Tumor Entirely Overlooked. —Overlooking of a tumor was due to its location 
a well recognized blind area, namely, the prepyloric region (generally lesser 
curvature of the antrum) or the posterior wall near the cardia. 


Tumor Mistaken for Another Type of Lesion—lt is of much interest that the 
carcinoma (malignant ulcer type) was most commonly mistaken for a benign 
gastric ulcer (table 2). This only emphasizes the fact that the proof of the benign 
or malignant character of an ulcer is in the histologic examination (fig. 1). In 
this connection I should like to point out that temporary healing was striking in 


} 


2 of the cases of malignant ulcer (fig. 2), a characteristic which has already been 
emphasized by a number of observers.’ In 3 cases the neoplasm was mistaken for 


__7. Palmer, W. L.: Benign and Malignant Gastric Ulcers: Their Relation and Clinical 
Differentiation, Ann. Int. Med. 13:317 (Aug.) 1939. Eusterman, G. B.: Carcinomatous 


Gastric Ulcer: Misleading Results of Medical Therapy, J. A. M. A. 118:1 (Jan. 3) 1942. 
Taylor. 
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gastritis. Schindler® has pointed out the difficulty in distinguishing infiltrating 
types of gastric carcinoma from hypertrophic gastritis. In this connection it is 
hoped that a biopsy forceps of the design proposed by Kenamore® may prove 
helpful. 

COMMENT 


Gastric lesions other than primary cancer may be mistaken for gastric carcinoma 
(table 3). Mistaking a pancreatic carcinoma eroding the stomach for a primary 
gastric tumor is readily understandable. This also applies to ulcerated neurilem- 
moma. With lymphosarcoma the presence of large stitf folds should aid identifica- 
tion (fig. 3). It is not surprising that a benign ulcer should be mistaken for a 
malignant one, since the reverse is true. Because of the frequent association of 


Fig. 2.—Photographs of drawings of case 2, table 2. A, the ulcer was considered malignant 
on the first examination (Nov. 13, 1939) because of the nodules in its border. B, on the second 
examination (Dec. 4, 1939) it was regarded as benign because of the marked healing. C, it 
was obviously diffusely infiltrating in character on the last examination (March 4, 1940). 


atrophic gastritis and gastric cancer, the presence of this type of gastritis in case 11 
wrongly influenced me in the diagnosis of malignant ulcer. Experience has since 
confirmed the coexistence of atrophic gastritis and benign gastric ulcer.*® Schindler ™ 


8. Schindler, R.: Gastritis Simulating Tumor Formation, Am. J. Digest. Dis. 6:523 (Oct.) 
1939. 

9. Kenamore, B.: A Biopsy Forceps for the Flexible Gastroscope, Am. J. Digest. Dis. 
7:539 (Dec.) 1940. 

10. Maher, M. M.; Zinninger, M. M.; Schiff, L., and Shapiro, N.: Some Observations 
on Gastritis and Peptic Ulcer, Am. J. M. Sc. 205:328 (March) 1943. 

11. Schindler, R., and Arndal, O.: Gastroscopic Differential Diagnosis of Benign and 
Malignant Ulcer of the Stomach, Arch. Surg. 44:473 (March) 1942. 
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very recently reported it in 19 of 79 cases. Relatively little is known about the 
gastroscopic appearance of gastric syphilis. Confronted with the same gastroscopic 
findings as those of W. N. (table 3), I should again make the diagnosis of gastric 


TaBLe 3.—Cases of Histologically Proved Lesions Mistaken for Gastric Carcinoma 
on Gastroscopic Examination 








mber Patient Lesion Present Comment 


1 ae # Carcinoma of pancreas erod- 
ing stomach 
2 R. H. Carcinoma of pancreas erod- 
ing stomach 
A. D. Carcinoma of pancreas erod- 
ing stomach 
A. P. Uleerated neurilemmoma...... Simulated malignant ulcer 
H. E. Lymphosarcoma.. aeasinitet Simulated malignant ulcer 
R. B. Benign gastric ulcer... séée Mistake due to inexperience 
F. K. Benign gastric ulcer........... Base blackish 
W. B. Benign gastric ulcer..... : Lesion elevated; base necrotic, nodular 
Benign gastric ulcer........... Everted, nodular border 
Benign gastric ulcer. Base blackish; border elevated and irregular 
Benign gastric ulecer........... Lesion seen tangentially; atrophic gastritis present 
Duodenal ulcer. ' ie Antral distortion misleading 
Gastric syphilis (ulcerative)... Necrotic base; adjacent (nodular) gastritis mis- 
leading 

















Fig. 3—Photograph of a drawing of a portion of the stomach (case 8, table 2) in which 
ge stiff folds were due to diffuse adenocarcinoma. 


rcinoma. Hence it may occasionally be useful to await the results of antisyphilitic 
herapy before advising operation. 

In spite of its limitations, gastroscopy may be of much value in the diagnosis 
of gastric carcinoma.’?* For example, it was the sole method of revealing the 
presence of the tumor in 7 of my proved cases, in 6 of which the growth was 
operable. It has not infrequently been of aid in indicating the spastic nature of 
roentgenologic defects, through failure to reveal an organic lesion. It has also 
demonstrated the benign character of gastric ulcer or hypertrophic gastritis roent- 
genologically interpreted as malignant. Sometimes it revealed the upper limits 
of the tumor more accurately than the roentgenogram, thus helping the surgeon 
to determine preoperatively the extent of resection necessary. 

While the gastroscope may be more helpful than the roentgenogram in the 
diagnosis of gastric cancer in some cases, the converse is more frequently true. In 
11 of my patients the roentgenogram was the sole means of revealing the presence 


12. Benedict, E. B.: Gastroscopic Observations in Neoplasm, New England J. Med. 214: 
563 (March 19) 1936. Taylor.1 Schindler. 
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of the tumor. I agree with Templeton and Boyer,* who stated that by the use 
of both methods the percentage of correct diagnoses will be higher than by the 
use of either method alone. 

In looking through a gastroscope the clinician should constantly bear in mind 
that he is viewing only part of the mucosal surface of the stomach, not its entire 
surface nor its deeper layers or surrounding structures. It is only by weighing 
the information he thus obtains with the evidence he collects from the history and 
physical, roentgenologic and other examinations that he will most frequently arrive 
at a correct diagnosis. 


? SUM MARY 
Xin 53 (and subsequently 55) of 78 proved cases of gastric cancer the lesion 
was seen and correctly diagnosed through the flexible gastroscope. In 7 cases 
gastroscopic examination was the sole means of revealing the presence of the tumo: 
In 10 of the cases the examination was unsatisfactory because of failure to introduc: 
the instrument or poor visibility. In 6 additional cases the lesion was situated i: 


a “blind area’ and was not seen. In 9 instances it was mistaken for another type 


of lesion, most commonly a benign gastric ulcer. In 13 cases selected from 
miscellaneous group, lesions proved histologically to be other than primary gastri 
carcinoma were mistaken for gastric cancer. ; 


Dr. Nathan Shapiro assisted in the compilation of data for this article. 
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The preoperative preparation and the postoperative care of patients with car- 
ioma of the stomach have assumed increasing importance during the past decade, 
id during this period there has been a steady decline in the mortality associated 
th radical gastric resection. The importance of the nonoperative phases of 
inagement is now so clearly understood that no surgeon interested in this type 
surgery would consider operation without at least attempting to correct certain 
the abnormalities which exist in nearly every instance when the patient comes 








r resection. 












THE PATHOLOGIC PHYSIOLOGY OF GASTRIC CANCER 








The parietal cells of the gastric mucosa normally secrete hydrochloric acid at 
concentration of about 165 millimols or 0.6 per cent. A variety of mechanisms 
e probably involved in the process of neutralization, so that the actual acidity 
the gastric contents varies widely in the same person from time to time and 
different persons. It should be remembered that when complete absence of 








drochloric acid, the true anacidity of Keefer and Bloomfield,’ is demonstrated : 
a patient, there is also nearly always an absence of the gastric enzymes, pepsin } 





nd rennin. 
Carcinoma of the stomach is usually associated with a low level of gastric 
id, or complete anacidity, and at the same time a lowered volume of secretion. 
\s a general rule the gastric contents, even in the patient with a moderately 
irly carcinoma of the stomach, become foul. This is very likely in large part 
lue to the action of bacteria on ingested food, a mechanism which comes into 
play in hypochlorhydria and even more in achlorhydria. The concentration of 
gastric acid is normally sufficient to prevent the growth of the common pathogenic 
organisms which may gain access to the stomach in food. When, however, the 
free hydrochloric acid, which forms the major component of the gastric acid, is 
reduced in concentration or is completely absent, the stomach contains bacteria 
in abundance and in considerable variety. The common inhabitants of the oro- 
pharynx can soon multiply in fertile soil when they are not exposed to the inhibit- 
ing and destructive effects of the free acid and enzymes of the stomach. 

The dilatation of the stomach is as a rule due to two factors, (1) the obstruc- 
ting lesion and (2) the existence of a subclinical or clinical deficiency of the 
vitamin B complex. The retrograde distention resulting from a slowly increasing 
obstruction requires no further discussion. It occurs in any hollow viscus proximal 
to an obstructing lesion. 



























From Surgical Service B of the Hospital of the University of Pennsylvania and the 
Harrison Department of Surgical Research, Schools of Medicine, University of Pennsylvania. ; 
1. Keefer, C. S., and Bloomfield, A. L.: Bull. Johns Hopkins Hosp. 39:304, 1926. i 
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The dilatation associated with the deficiency of the vitamin B complex results 
in large part from the atony of the gastric musculature, which is present in an 
increasing degree as the deficiency is extended. As the obstruction becomes more 
evident and the digestive symptoms become more pronounced, the patient usually 
changes from a well balanced diet to one which contains an excess of carbohydrates, 
and the final result is pronounced anorexia and loss of weight. If the carbohydrate 
content of the diet is increased the requirements of vitamin B, become greater, and 
if they are not met a clinical or subclinical deficiency soon occurs. Thus the 
anorexia becomes even more pronounced and the nutritional condition of the 
patient suffers still further. While occasionally the edema observed in some of 
these patients may be of the type associated with beriberi, it is in our opinion 
more usually due to the hyoproteinemia which so many of the patients have. 

The nausea and anorexia so frequently observed in gastric carcinoma are 
in part associated with a deficiency of the vitamin B complex. The studies of 
Heublein, Thompson and Scully,? made in this laboratory, demonstrated that in 
the presence of a B complex deficiency gastrointestinal tone and pattern did not 
return to normal regardless of the amount of thiamine chloride which was admin- 
istered. Even the administration of riboflavin and nicotinic acid failed to restore 
the roentgenograms to normal, but they did become normal after the patient took 
brewers’ yeast. In deficiency of the vitamin B complex the gastric outline is 
enlarged and the gastric walls are smooth. These are in fact important diagnostic 
criteria. When dilatation is present without a deficiency of the vitamin B complex 
the fluoroscopist will nearly always observe evidences of increased peristaltic activity 
of the gastric wall. A decrease in tonus and impairment of peristaltic activity 
indicate a superimposed deficiency of the vitamin B complex. 

The anorexia and nausea from which these patients may suffer result in ; 
restriction in total caloric intake on the one hand and in an alteration in the 
composition of the ingested food on the other. The two conditions, lowered total 
caloric intake and a coincidental reduction in the ingested protein, bring about a 
reduction in the concentration of plasma protein. There results a subclinical or 
clinical nutritional edema. 

The hypoproteinemia, or more specifically the hypoalbuminemia, which so many 
of these patients have is much more common than it is generally supposed to be. 
It is at times masked by the coexisting dehydration but becomes evident when 
attempts are made to correct this. The edema which may be precipitated when 
attempts are made to restore the fluid balance is greatly accentuated when sodium 
chloride is given intravenously. There occurs not only evidence of superficial 
subcutaneous edema but a widespread edema of the gastrointestinal tract. The 
underlying basis for this state is the same, a reduction in ingestion and utilization 
of protein, with a subsequent reduction in the concentration of plasma protein 
and a decrease in the colloid osmotic pressure of the blood. Thus the mechanism 
for holding fluids in blood vessels becomes disturbed. In a similar: manner the 
mechanism for drawing fluids back into the blood vessels is deranged, and the 
edema associated with trauma, such as occurs at any site of resection and anasto- 
mosis, is accentuated and prolonged. As Weech and Ling* have shown, the 
administration of large amounts of sodium chloride or sodium bicarbonate increases 
retention of fluid when the concentration of serum albumin is below normal. This 
must always be kept in mind in the postoperative period. 


2. Hueblein, G. W.; Thompson, W. D., Jr., and Scully, J. P.: Am. J. Roentgenol. 46: 
866, 1941. 


3. Weech, A. A., and Ling, S. M.: J. Clin. Investigation 10:869, 1931, 
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RAVDIN ET AL—CARE OF PATIENTS WITH CANCER 


Jones and Eaton * first pointed out the frequency of postoperative nutritional 
edema, and Mecray, Barden and Ravdin*® have shown that the emptying time 
of the normal stomach is greatly increased as the concentration of plasma protein 
is decreased and that it returns to normal as the concentration is by one means 
or another restored to a normal level. 

Barden, Ravdin and Frazier ° have shown that the edema following operation 
iay be so pronounced as to mimic in every way a technical defect in the anasto- 
losis, resulting either in a prolonged delay in gastric emptying or in nearly 
mmplete obstruction. The importance of recognizing this type of functional impedi- 
lent to gastric emptying cannot be stressed too much. It is possible that the 
lema so frequently observed in these patients is not always entirely due to 
ypoproteinemia, although we believe this to be the most important single factor. 

coexisting deficiency of vitamin B, or C may play a part in the production of 
e edema or may exaggerate the edema of simple hypoproteinemia. Regardless 
the other factors involved, a concentration of the serum albumin below 3 Gm. 
r hundred cubic centimeters or of the total plasma protein below 5.5 Gm. per 
indred cubic centimeters should be considered as greatly increasing the hazards 
operation. 

Thompson, Ravdin and Frank* have shown that the period of delay in fibro- 
astic proliferation of healing wounds is greatly increased in the presence of 
‘otein undernutrition. Lanman and Ingalls * have demonstrated marked inter- 
rence with the laying down of collagen in healing wounds in the presence of a 
ficiency of vitamin C. Hartzell, Winfield and Irvin® in a study of patients 
th disruption of abdominal wounds showed that in nearly every instance the 
itients had hypoproteinemia, a deficiency of vitamin C or both. It can now 
assumed that many of the wound disruptions which have been observed follow- 
g operation for gastric cancer are due to biologic defects in the mechanisms which 
mtrol tissue repair. 

Not a few of the patients with gastric carcinoma have moderate or severe degrees 
anemia. In most of these the anemia is of the so-called iron deficiency type, 
it in a few it assumes many of the characteristics of primary pernicious anemia, 
rhaps as the result of a disappearance from the stomach of the intrinsic factor. 


PREPARATION OF PATIENTS WITH GASTRIC CANCER FOR OPERATION 


The indications for therapy follow directly from knowledge and understanding 
| the pathologic physiology of gastric cancer. Therapy must be directed on the 
one hand toward correcting the infection, dilatation and atony which affect the 
stomach and on the other hand toward correcting the systemic changes which 
result from the nutritional deficits and the losses of fluid and electrolytes to which 
so many of the patients are subject. 
For several days before operation the stomach should be kept empty. This 
may be accomplished by periodic gastric lavage or by continuous suction drainage 
plus repeated lavage. We prefer the latter method. Certain of these patients 


4. Jones, C. M., and Eaton, F. B.: Postoperative Nutritional Edema, Arch. Surg. 27: 
159 (July) 1933. 

5. Mecray, P. M.; Barden, R. P., and Ravdin, I. S.: Surgery 1:53, 1937. 

6. Barden, R. P.; Ravdin, I. S., and Frazier, W. D.: Am. J. Roentgenol. 38:196, 1937. 

7. Thompson, W. D.; Ravdin, I. S., and Frank, I. L.: Effect of Hypoproteinemia on 
Wound Disruption, Arch. Surg. 36:500 (March) 1938. 

8. Lanman, T. H., and Ingalls, T. H.: Ann. Surg. 105:616, 1937. 

9. Hartzell, J. B.; Winfield, J. M., and Irwin, J. L.: Plasma Vitamin C and Serum 
Protein Levels in Wound Disruption, J. A. M. A. 116:669 (Feb. 22) 1941. 
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have pyloric obstruction of such a degree that great collections of undigested food, 
and even in certain instances phytobezoars, accumulate in the stomach. These 
accumulations plug up the usual nasal catheter, frustrating attempts at suction 
drainage. In such cases lavage should be carried out with an old-fashioned stomach 
tube of large caliber. 

It is best not to give any food by mouth for from two to five days after the 
institution of suction drainage and only when pyloric patency is established to 
permit the ingestion of readily digestible foods. 

The administration of small amounts of dilute hydrochloric acid during this 
period, as suggested by Harvey and Oughterson,*® is, we believe, helpful. The 
acid can be introduced into the stomach through the indwelling tube, which is 
then clamped for from one to two hours. The use of hydrochloric acid will lead 
to an earlier disappearance of the foulness of the gastric contents and to a more 
rapid reduction in the bacterial count. 

This regimen of local treatment leads to a considerable improvement in th¢ 
state of the patient, a lessening of the epigastric distress and pain and a disap 
pearance of the nausea and vomiting; frequently after continuance of the progran 
there is evidence of improved gastric emptying. 

Administration of Vitamins—While the cleansing of the stomach is being 
carried out deficiencies of the important vitamins should be compensated. Fron 
10 to 20 mg. of thiamine hydrochloride and 100 mg. of ascorbic acid may b 
given subcutaneously each day. As soon as evidence is obtained of a functioning 
pylorus, 2 to 4 Gm. of brewers’ yeast should be given daily by mouth or throug! 
the stomach tube, the tube being clamped for two hours afterward. If this 
cannot be done for some time because the pylorus is not patent, a daily dose o 
50 mg. of nicotinic acid amide may be given by the subcutaneous route. 

Vitamin K, while not specifically indicated for all patients, has frequently bee: 
useful for those whose gastric drainage is at times blood tinged. In several o' 
these patients mild to moderate degrees of hypoprothrombinemia have been found 
and if this condition is present one of the soluble synthetic products with vitamin K 
activity should be given parenterally; 4-amino-2-methyl-1l-naphthol hydrochlorid 
(synkamin) in doses of 3 mg. per day is generally satisfactory. 

The hypoprothrombinemia is often associated with hepatic metastases, but it 
should not be assumed that all patients with hypoprothrombinemia have inoperable 
lesions. Metastases to the liver have not been a constant finding at operation 


WATER AND ELECTROLYTE BALANCE 


Nearly all patients of this group who have been vomiting and many others as 
well will have become dehydrated. There is no way of estimating the degree of 
the dehydration, though the observations of Maddock and Coller ** that the clinical 
signs of dehydration indicate a loss of 6 per cent of body weight are often helpful. 
Thus a man weighing 80 Kg. who has sunken eyeballs, dry tongue and poor skin 
turgor may be assumed to have a negative water balance of 60 cc. per Kg., or a 
total of 4,800 cc. at least. 

For several reasons, however, it may be unwise to attempt to replace this 
deficit too rapidly. A deficiency of serum proteins may lead to faulty distribu- 
tion of fluid within the body. When a patient has such a deficiency, the addition 
of fluid dilutes the serum proteins further, and increased edema results. Also circu- 


10. Harvey, S. C., and Oughterson, A. W.: Ann. Surg. 115:1066, 1942. 


11. Maddock, W. G., and Coller, F. A.: Water Balance in Surgery, J. A. M. A. 108:1 
(Jan. 2) 1937. 
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RAVDIN ET AL—CARE OF PATIENTS WITH CANCER 875 


atory defects may impair the normal distribution of fluid in the body and increase 
- danger associated with the rapid infusions. The tolerance of each patient for 
uid must be carefully watched but it is unreasonable to assume that the intra- 
nous route cannot be used if care is exercised. 

With the exception of patients with cardiac disease, we have found it practical 
© administer 50 to 60 cc. of fluid per kilogram of body weight per day to dehy- 
lrated patients over and above the amount lost by suction drainage. This is 

ntinued until the twenty-four hour output of urine exceeds 1,000 cc. When 

kidneys excrete this amount it is generally assumed that dehydration has been 
rcome and the fluid intake can be reduced to maintenance levels. 
At the same time that the water balance is being corrected the salt balance, 
acid-base equilibrium and the serum protein concentration must be corrected. 
has already been pointed out, the administration of water and sodium chloride 
| patient without labile protein reserves, even if his serum protein concentration 
the dehydrated state is normal, increases the tendency to edema and may 
ude the pylorus completely in a patient whose pyloric canal is already narrowed 
scar tissue. 

Patients who have vomited repeatedly generally have a chloride deficiency. 

alculating the amount of salt needed to correct this the formula of Coller, 

tlett, Bingham, Maddock and Pedersen ** has generally been used. 

For each 100 mg. per hundred cubic centimeters of reduction in the serum 

ride concentration 0.5 Gm. of sodium chloride per kilogram of body weight 

llowed. Here again experience has led us to correct the deficit fractionally. 
half the calculated dose may be given and subsequent dosage determined on 
basis of another determination of the chloride concentration and with due 
ideration for the clinical course of the patient. 

iccasionally a patient who does not respond to appropriate doses of physiologic 
tion of sodium chloride may respond if a 2 per cent solution is given intra- 
usly. 

Should hyperchloremia inadvertently be produced, excess salt may be removed 

y rapidly by gastric lavage. Two hundred cubic centimeters of water may 

introduced into the stomach and aspirated after twenty minutes. Another 

cc. is then introduced, and so on: The reduction in plasma chlorides by this 
hod may be fairly rapid and should be carefully controlled. 

We have sometimes encountered severe disturbances of acid-base equilibrium 

patients with gastric lesions. Usually such disturbances are corrected by the 

if ketosis is prevented and moderate amounts of physiologic solution of 

lium chloride are provided. When this fails or when extreme changes are 

nd which it is considered wise to correct quickly, sixth-molar sodium lactate 

solution may be used to increase the serum carbon dioxide, Two cubic centimeters 

per kilogram of body weight is usually required to produce an elevation of one 
volume per cent. 

In cases of extreme alkalosis 2 per cent ammonium chloride solution has been 
given intravenously. Two cubic centimeters per kilogram of body weight of this 
solutidn depresses the carbon dioxide about 3 volumes per cent. The method 
has had too limited a trial to permit a statement regarding its safety, but it has 
been used successfully and without serious reaction with patients who did not 
respond adequately to administration of sodium chloride and for whom it was 
felt there was danger of nephrosis due to alkalosis (Zintel, Rhoads and Ravdin)."* 


12. Coller, F. A.; Bartlett, R. M.; Bingham, D. I. C.; Maddock, W. G., and Pedersen, S.: 
Ann. Surg. 108:769, 1938. 


13. Zintel, H. A.; Rhoads, J. E., and Ravdin, I. S.: To be published. 
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TREATMENT OF ANEMIA 


If an anemia of considerable degree is present the patient should receive 
multiple small transfusions of whole blood. Should the anemia resemble primary 
pernicious anemia, parenteral administration of a suitable liver extract should be 
begun before operation. Subsequent to operation, when the new stoma is function- 
ing, iron therapy should be instituted for those patients whose anemia is of the iron 
deficiency type. 

Of all the various disturbances of patients with gastric carcinoma, possibly 
hypoproteinemia is the most difficult to correct. It should be remembered that 
after hypoproteinemia has persisted for some time the ability of animals to elaborate 
plasma proteins in the body becomes impaired (Whipple).** It has been our 
impression that this is also true in man. The most rapid and most satisfactory 
method is the transfusion of plasma. Usually the injection of 250 to 500 ce. pet 


Fig. 1—Diagram of the use of an Abbott-Rawson tube fer gastric suction and jejuna 
feeding as suggested by Bisgard.1® Such tubes should not be removed too early. 


day will bring the serum protein level up to normal. Occasionally larger amounts 
may be required. There is some evidence that in man solutions of amino acids 
injected intravenously may be of value in maintaining nitrogen equilibrium. How- 
ever, even the most favorable reports indicate that a relatively small fraction of 
this material is utilized for the production of serum proteins. In general, the 
effect of solutions of amino acids is too slow for them to be used in preparing 
the hypoproteinemic patient for operation. If preparations become available that 
may be given in larger amounts without reaction, they may come to play a much 
larger role. 

Protein digests fed into the stomach or duodenum are also of value once 
pyloric patency is established. We believe that these digests are more readily 
utilized than are the protein complexes from which they are prepared. 


14. Whipple, G. H.: Am. J. M. Sc. 196:609, 1938. 
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Effect of a Preparation of Amino Acids, Polypeptides and Carbohydrates * 
on Serum Protein Concentration (Orojejunal Route) 








Serum Protein, 
Total Gm./100 Ce. 
Amount, Time, ee 
Patient Diagnosis Gm. Days Before After 


—_, 


4. 8. Gastric cancer “ 97 3 5.70 5.99 
R. 8S. Gastric cancer 120 5 5.90 6.51 
H. D. Pyloric stenosis due to ulcer oY 240 3 6.77 7.25 
M. K. Pyloric stenosis due to ulcer 300 5.76 6.07 
4. B. echt avg as cbce techies en iine 500 6.07 6.20 
w. C. Pyloric stenosis due to ulcer................. 500 ¢ 6.84 7.22 
L. W. Bleeding duodenal ulcer hie’ 500 7.21 9.44 
L. 8. Gastric cancer 700 5 6.11 5.98 
yr. S. Gastric cancer ; ai 900 f 6.28 6.81 
L. G. Gastric cancer 910 3 6.63 6.90 


* The preparation used was aminoids (Arlington Chemical Company). 
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Fig. 2——Nitrogen balance and serum protein concentration following the introduction of 
a mixture of banana powder and milk into the jejunum after gastric resection. 


THE NUTRITION OF THE PATIENT AFTER OPERATION 


After operation, the orojejunal feeding method described by Ravdin, Stengel 
and Prushankin *° is very effective. This can be modified by placing the feeeding 
tube through the gastric wall in the manner described by Bisgard*® (fig. 1.) For 
a majority of the patients a preparation containing amino acids, polypeptides and 
carbohydrates has been employed in orojejunal feeding (table). However, 
simple foods, such as skim milk and banana powder, have been used successfully 
(fig. 2). 

15. Ravdin, I. S.; Stengel, A., Jr., and Prushankin, M.: Control of Hypoproteinemia in 


Surgical Patients, J. A. M. A. 114:107 (Jan. 13) 1940. 
16. Bisgard, J. D.: Surg., Gynec. & Obst. 74:239, 1942. 
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When this method of feeding is utilized the feeding mixture should not con- 
tain too much fat, for even though the mixture is placed in the jejunum gastric 
emptying will be delayed. Failure to recognize this fact has greatly increased 
the time of convalescence of many patients. 

In the postoperative period the intravenously injected fluids must be carefully 
controlled. The amount of sodium chloride, of dextrose and water and of plasma 
or serum or amino acids which each patient should receive must be judged daily 
by a careful study of the previous day’s intake and output, by repeated studies 
of the plasma chloride and protein and at times even of the total base. When 
the orojejunal method is instituted intravenous administration of fluids, with 
the occasional exception of plasma or serum, is rarely required. 

The augmented intake of vitamins should by all means be maintained during 
the period of hospitalization and more especially during the period of wound 
healing. As soon as evidence is obtained of a functioning stoma, orojejunal tube: 
should be removed and food intake by mouth should be permitted. 


CHEMOTHERAPY 


Although they may not be essential, we have used sulfonamide compounds i: 
the preoperative preparation of many patients with carcinoma of the stomach. Thx 
serious risk of spreading infection may in part be controlled by preoperative adminis 
tration of a sulfonamide compound and by local implantation of crystalline sulfanil 
amide at the site of the resection and anastomosis. 


CONCLUSION 


Patients with operable carcinoma of the stomach require the most carefu 
supportive treatment. During the preoperative period special attention must b 
given to the problem of overcoming dilatation of the stomach and infection o 
the gastric contents. The water balance, electrolyte balance and vitamin intak: 
of the patients require constant attention both before and after operation. 

The protein deficit which is so often present in patients having pyloric obstruc 
tion is best managed in our experience by transfusion before operation and by 
jejunal feedings after operation. 

In this clinic the institution of the program which has been outlined has resulte« 
in an earlier and more satisfactory preparation of the patient, in a shorter con 
valescence from the operation and in a reduction of the morbidity and mortalit: 
in patients with gastric carcinoma. 
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THE SURGICAL PROBLEM OF GASTRIC CANCER 


WITH SPECIAL REFERENCE TO: (1) THE CLOSED METHOD OF GASTRIC 
RESECTION, (2) COINCIDENTAL HEPATIC RESECTION AND (3) PRE- 
OPERATIVE AND POSTOPERATIVE MANAGEMENT 


OWEN H. WANGENSTEEN, M.D. 


MINNEAPOLIS 


Carcinoma of the stomach constitutes a surgical problem of great importance. 
he main present difficulty still hinges on the matter of making the diagnosis suf- 
ciently early that the benefits of surgery may be extended consistently to a greater 
umber of patients. The nature of the surgical accomplishment in cases of carci- 
ma of the stomach has improved considerably in recent years.’ The formidable 
erative mortality of earlier years largely is disappearing. The experience of this 
inic suggests that subtotal resections for cancer of the stomach can be done 
ith a hospital mortality approaching closely that of gastric resection for benign 
iodenal and gastric ulcers. Improvement in the end results of the surgical 
anagement of carcinoma of the stomach is contingent on a larger proportion of 
itients coming to operation early enough to insure complete eradication of the 
sease. In a fairly large number of instances still, as will be indicated subse- 
iently, the surgeon finds that his radical resection was essentially a palliative 
eration, in that the presence of carcinoma cells in the proximal line of resection is 
t uncommonly observed microscopically. This occurrence suggests that when- 


er feasible the surgeon must excise a wide margin of apparently normal gastric 
sue proximal to the lesion. 


THE DIAGNOSIS 


Until a biologic test becomes available to suggest that a patient harbors a 
alignant growth somewhere in his body, late recognition in many cases undoubt- 
ily will continue. The tragedy of the situation is that a carcinoma per se, certainly 

the beginning, gives no symptoms. Only the presence of a complication, 
dinarily, informs the patient that things are not as they should be. Ulceration, 
morrhage or obstruction may bring a patient with a gastric cancer to his 
\ysician early. More frequently, however, loss of weight and strength and epi- 
istric discomfort suggest the necessity of a visit to the physician. 

Alertness on the part of patients to symptoms and wise appraisal of those 
symptoms by physicians are probably still the most important items in the early 
letection of gastric cancer. The definite ascertainment of the presence of a gastric 
lesion must await fluoroscopic and roentgenographic examination. Without ques- 
tion the roentgen rays are the most reliable diagnostic agent. An important 


From the Department of Surgery, University of Minnesota Medical School. 

The researches presented here were supported by grants of the Augustus L. Searle Fund 
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1. Livingston, E. M., and Pack, G. T.: End-Results in the Treatment of Gastric Cancer, 
New York, Paul B. Hoeber, Inc., 1939. Ogilvie. W. H.: Cancer of the Stomach, Surg., 
Gynec. & Obst. 68:295-305, 1939. Parsons, L., and Welch, C. E.: The Curability of Car- 
cinoma of the Stomach, Surgery 6:327-338, 1939. Walters, W.; Gray, H. K., and Priestley, 
J. T.: Carcinoma and Other Malignant Lesions of the Stomach, Philadelphia, W. B. Saun- 
ders Company, 1942. 
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element of the problem is to bring more patients with symptoms for roentgen 
examination earlier. Fluoroscopic and roentgenographic examinations have their 
limitations, however, and in certain instances, they fail to reveal a fairly well 
advanced lesion. Such failures, though infrequent, happen in the experience of the 
best roentgenologists and serve only to remind one that even this diagnostic agent 
has its shortcomings. Employment of gastroscopy can make an important con- 
tribution to the satisfactory management of such patients—an observation that most 
clinics have had an opportunity to make. 

The roentgenologist has a tremendous responsibility in relaying his findings and 
interpretations of a borderline gastric lesion to the clinician. No one probably 
appreciates the gravity of that responsibility more than the roentgenologist himself. 
In the main clinicians are credulous persons and are wont to accept the conclusions 
of the roentgenologist as those of one who manipulates an infallible divining rod 
I have already indicated that the roentgenologist may overlook the presence of a 
lesion. A more common error and not an infrequent one in diagnosing lesions 
near or at the pyloric outlet and accompanied by obstruction is confusion of ulcer 
with carcinoma. What is done to the patient frequently depends very largely on 
the character of the interpretation of the roentgenologist. I have the feeling that 
this is a responsibility which should fall more directly on the clinicians and especially, 
the surgeons. In the past, when gastric resection was not.as safe an operation as 
it now is, in the hands of experienced gastric surgeons, the roentgenologist perhap- 
was correct in having his interpretation carry and express a more conservativ: 
attitude in certain cases of dubious nature than he actually felt. Under certain 
circumstances today, the roentgenologist may feel constrained to continue tha 
tradition. In the interest of the patient (whose interest is always paramount, n 
matter who the medical attendants may be) the roentgenologist would do well in 
such situations to suggest that a gastric surgeon may prove a better consultant than 
time in resolving the true nature of the lesion. Allen and Welch? (1941) hav: 
indicated that the general conservative attitude toward the problem of gastric ulcei 
has caused many a patient with a gastric cancer to receive procrastinating treat 
ment for it. In the surgical clinic of the University Hospitals each year my 
associates and I see several patients with gastric lesions the character of whicl 
remains in doubt until well stained microscopic sections of the gastric resectior 
specimen become available for study. In such instances reversal of diagnoses 
based on examination of the gross specimens, whether expressed by clinician, radi 
ologist, gastroscopist, surgeon at operation or pathologist, has not been infrequent 
in the experience of this clinic. 

Such circumstantial evidence as the closure of an antecedent perforation a few 
months previously and of the presence of free hydrochloric acid in the gastric 
juice does not gainsay the presence of carcinoma. During the past year, 2 such 
patients were seen in the surgical clinic. On the basis of clinical evidence including 
roentgen examinations, both were believed to have ulcer; both had carcinoma. 
One was a man of 27 years. The latter patient already has suggestive evidence 
of recurrence about fifteen months after resection. 

The relative frequency with which carcinoma of the stomach has been observed 
in this clinic in patients under medical treatment for pernicious anemia suggests 
definitely that all patients with that disease should have a roentgen examination of 
the stomach three times a year. Even in a clinic in which one professes to 
scrutinize carefully all patients with pernicious anemia with special reference to 


2. Allen, A. W., and Welch, C. E.: Gastric Ulcer: The Significance of This Diagnosis 
and Its Relationship to Cancer, Ann. Surg. 114:498-501, 1941. 
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gastric lesions it is surprising how failure to comply rigidly with this self-imposed 
task results in bringing to the surgeon patients with pernicious anemia who have 
ar advanced carcinomas of the stomach for which only a palliative resection can be 
one. The frequent occurrence of cancer in atrophic gastric mucous membrane is 
n item deserving of careful inquiry and study. 


PREPARATION FOR OPERATION 


One of the common causes of mortality, especially in the bad risk patient, has 
en inadequate preparation. Restoration of a satisfactory hemoglobin value and 
water and electrolyte balance is not enough. The adequate preparation of the 
‘tient who has lost weight is a fundamental consideration in getting him ready 
r a formidable operation. A careful inquiry into the extent of the loss of weight, 
time over which it was sustained and the character of the food intake in the 
‘eks or months prior to the patient's admission to the hospital is a matter of the 
eatest moment. In this clinic it has become routine practice to prod the patient’s 
emory repeatedly on this score and to interrogate the relatives closely to get reliable 
formation on the character of the patient’s nutrition in the preceding months. 
ie appearance of the patient is not a safe criterion. A person whose food intake 
s been poor and who has lost considerable weight is not a good operative risk. 
e have followed the suggestion of Ravdin,® who has pointed out the great impor- 
ice of a high protein and carbohydrate and low fat diet in preparing such patients 
operation. 
The greatest losses of weight are sustained by patients who have a high grade 
oric obstruction. In such instances, in which the opportunity for absorption of 
rested food is very poor or nil, the nutrition of the patient might be described as 
tocannibalistic, since he has been subsisting on his own food stores. The deposits 
glycogen and labile protein are exhausted quickly. Life is sustained largely by 
posits of fat (approximately 3,500 calories per pound of human fat) and by a 
adual breakdown of body protein. Accompanying the loss in body weight 
ending such starvation, fat infiltrates the liver, an observation already known 
histologists for more than half a century. Only recently have pathologists, 
chemists and surgeons concerned themselves over this circumstance. Patients 
ith fatty livers are extremely poor risks for major surgical procedures and 
lerate difficult operations poorly. Early in the operation, such patients exhibit 
eat fluctuations in blood pressure, and it is frequently found difficult to sustain a 
rmal blood pressure even when losses of blood are minimal. Yet the feeding of a 
high protein, high carbohydrate diet to such patients for a period of time—the length 
depending on the extent of the loss of weight—will succeed almost uniformly in 
driving fat out of the liver. In the experience of this clinic, patients who have 
sustained large losses of weight can be brought to tolerate long and trying operative 
procedures by proper preoperative feeding. Even though the caloric intake of 
such a high protein and carbohydrate but low fat diet is great, our experience has 
proved that patients prepared for operation in this manner rarely gain much weight. 
Such failure to gain weight commensurate with the high caloric intake of such a 
diet may have to do with the large proportion of protein in the diet and the effect 
of the specific dynamic action of ingested protein on energy requirements. More- 
over, it should not be the surgeon’s objective to have the patient gain weight. 


3. Ravdin, I. S.: The Protection of the Liver from Injury, Surgery 8:204-211, 1940. 
Ravdin, I. S.; Thorogood, E.; Riegel, C.; Peters, R., and Rhoades, J. E.: The Prevention 


of Liver Damage and the Facilitation of Repair in the Liver by Diet, J. A. M. A. 121:322 
(Jan. 30) 1943, 
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Suggestive of the improved condition of the patient’s liver attending such feeding 
are the following facts: There is a gain in strength, so that frequently a patient 
unable to sit or stand because of loss in weight can be got out of bed. The patient 
feels subjectively better, and his outlook on the future appears brighter. His com- 
plexion improves, and a ruddier color returns to his face. 

My associate Dr. Richard L. Varco* has compounded two diets which have 
proved eminently satisfactory. If no pyloric obstruction is present, Varco diet no. I 
is taken in two hourly feedings through the day. All patients being prepared for 
extensive operations on the gastrointestinal canal are given Varco diet no. II as an 
intragastric drip feeding through the night (fig. 2). 

Intragastric drip feeding has been employed intermittently in this surgical 
clinic for years. The Varco no. II feeding mixture has augmented greatly the value 
of this mode of supplying alimentation. For patients with bleeding ulcer, it has 
been an agent of the greatest worth, not alone in stopping the bleeding but in 
preparing the patient for operation. Five or six days after the commencement of 
massive hemorrhage from a duodenal ulcer a gastric resection can be carried out, 
apparently with a hazard not out of line with that accepted for standard risk 











Fig. 1—Photograph of a patient receiving intragastric drip feeding of Varco diet no. II. 
Ingredients of the formula are: . ’ ; 
Carbohydrate, Protein, Fat, 

Gm. Gm. 
Whole eggs—6 ke 36.0 36.0 
Egg whites—2 . 8.0 vous 
Skimmed milk powder—113 Gm 40.4 1.2 
Lactose—300 Gm. 300.0 etal 
Skimmed milk—1,000 Gm 30.0 


Salt—5 Gm. 114.4 37.2 
A patient taking the drip day and night will ordinarily receive 2,500 to 3,500 cc. The 
caloric content being 1.6- calories per cubic centimeter, the total caloric intake will be 4,000 
to 5,600 calories. Gastric retention of course will reduce the caloric intake. 


patients. Whenever pyloric obstruction is present, Varco diet no. II is given, 
90 cc. per hour both day and night, by the drip method. In patients with pyloric 
obstruction from a duodenal ulcer, the frequent hypodermic administration of 
atropine sulfate and sodium phenobarbital diminishes gastric secretion and lessens 
and frequently abolishes gastric retention. Both diets have a caloric value of 1.6 
calories per cubic centimeter. Fifteen hundred cubic centimeters of either the 


4. Varco, R. L.: Unpublished data, 1942. 
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ingested diet (no. 1) or the drip diet (no. I1) contains approximately 150 Gm. of 
protein, 400 Gm. of carbohydrate and 30 Gm. of fat (detailed analysis in legend for 
figure 2). Skim milk (casein) constitutes the chief source of protein in the diet. 

Employment of beef serum as part of the diluent in the drip feeding mixture 
(Varco diet no. II) probably will enhance the value of the diet in the regeneration 
of plasma protein ; addition of the pressed juice of raw liver may prove valuable also. 
Such a diet then would serve two purposes: (1) rid the liver of fat deposits incident 
to starvation and (2) help rebuild plasma protein and replenish the depleted stores 
of deposit protein. The splendid paper by Madden and Whipple * (1940) on the 
latter phase of the problem should be studied carefully by all surgeons interested in 
extending the benefits of surgery to poor risk patients without increasing materially 
the hazards of such operations. Beef serum and liver are far superior to casein in 
bringing about regeneration of plasma protein. 


THE PROBLEM OF FEEDING PATIENTS WITH HIGH GRADE OR ABSOLUTE 
PYLORIC OBSTRUCTION 
When pyloric obstruction is absolute or nearly so, intravenous feeding must be 
relied on solely. At the outset it is to be conceded freely that intravenous feeding 





Fig. 2—Photograph of a patient of 82 years with pyloric obstruction from a malignant 
gastric tumor. The photograph was taken about a week after operation; the left subcostal 
incision can be seen. Vomiting over a period of months had caused her to lose 60 pounds 
(27 Kg.) (from 165 to 105 pounds [75 to 48 Kg.]}), approximately 37 per cent of her weight. 
Despite a fairly high grade pyloric obstruction, she took the constant intragastric drip feed- 
ings well. After twenty days of preparation, an 80 per cent gastric resection was done, and 
the patient was dismissed sixteen days after operation. Before operation she could neither 
sit up nor stand. She has been in the outpatient clinic since operation and reports that she 
is active again and has regained considerable weight. Patients with larger losses of weight 
have withstood operation in this clinic; this patient, however, presented the greatest percentile 
loss of weight, after which resection has been done successfully for gastric cancer. 


is a poor substitute for a high carbohydrate and high protein diet, in which the 
protein employed has good capacity to induce the regeneration of plasma protein. 
Nevertheless, by a combination of plasma and amino acids and a fairly liberal quan- 
tity of ‘dextrose solution in 10 to 20 per cent concentration, nitrogen and caloric 
equilibrium can be approximated. It is our experience that plasma is more likely 
to be successful in increasing the plasma proteins than are amino acids. As a matter 
of fact, only one stage operations for pyloric obstruction of benign or malignant 
origin have been done in this hospital over a period of more than three years. The 


5. Madden, S. C., and Whipple, G. H.: Plasma Proteins: Their Source, Production 
and Utilization, Physiol. Rev. 20:194-217, 1940. 
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experience up to October 1940 was recorded previously. My associates and I 
have now carried through a large number of one stage gastric resections for pyloric 
obstruction of benign as well as malignant origin without mortality. The greater 
number of the patients have been prepared by the intragastric drip feeding. Never- 
theless, there are a few patients whose pyloric obstruction has been absolute or 
nearly so who have been prepared by intravenous feeding alone, in the manner 
described. 
WATER, ELECTROLYTE AND VITAMIN REQUIREMENTS 


The teachings of Coller and his associates’ have made all surgeons more 
thoughtful on this score. My practices*® in this regard have been described 
previously and need not be repeated here. Inasmuch, however, as the surgery of 
gastric cancer concerns patients in the upper age brackets largely, one must 
exercise great care not to give them too much salt or too much water—and the 
fluid, no matter how it is given, must be given slowly. Most of these patients have 
poor cardiac reserve and to be indifferent to matters of increasing the blood volume 
invites cardiac embarrassment, pulmonary edema and pneumonia. 


THE AGE FACTOR 

At one time, I was disposed to account for the disparities in mortality of gastric 
resection for benign and for malignant lesions of the stomach, largely on the basis 
of differences in age.* The majority of patients having gastric resection for ulcer 
are under 50. Approximately 50 per cent of patients having resection for cancer 
are over 60, and 20 per cent are over 70. Some are over 80. Whereas the mortality 
of gastric resection for benign lesions has been approximately 2 to 3 per cent in this 
clinic, the mortality of resection for gastric cancer for the same period of years 
has been significantly greater, hovering about 10 to 12 per cent. However, in the 
past year (Sept. 1, 1941 to Sept. 1, 1942), the differences in mortality of resection 
for benign and for malignant gastric lesions have largely been erased, as will be 
indicated subsequently. The chief factor in the reduction of the mortality has 
been better and more careful preoperative preparation, as has been outlined. 

Obviously the surgeon accepts more risks in operating on an elder group 
of patients, but the experience of this clinic suggests that careful preoperative 
preparation and judicious management of the patient during and after opera- 
tion have done away largely with the special hazards incident to age. In this 
series of resections, 65 per cent of the patients were 60 years of age or more; 
22.5 per cent were 70 or more. 


THE OPERATION 


An operation should be made to simulate physiologic sleep, during which 
the disease process is spirited away. This objective never can be attained, yet 
with wise planning and deliberate thought beforehand much can be done to avoid 
making the sleep of operation fitful and disturbed; fluctuations in the level of 
anesthesia and in the blood pressure are to be avoided. Tissues must be handled 


6. Wangensteen, O. H.: Aseptic Resections in the Gastro-Intestinal Tract, with Special 
Reference to Resection of the Stomach and Colon, Surg., Gynec. & Obst. 72:257-281, 1941. 

7. Coller, F. A., and Maddock, W. G.: Water and Electrolyte Balance, Surg., Gynec. 
& Obst. 70:340-354, 1940. 

8. Wangensteen, O. H.: (a) The Controlled Administration of Fluid to Surgical Patients, 
Including Description of Gravimetric Methods of Determining Status of Hydration and 
Blood Loss During Operation, Minnesota Med. 25:783-789, 1942; (b) Intestinal Obstruc- 
tions: A Physiological and Clinical Consideration with Emphasis on Therapy, Including 
Description of Operative Procedures, ed. 2, Springfield, Ill, Charles C Thomas, Publisher, 
1942; (c) footnote 6. 
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gently, and loss of blood must be minimal. Use of dry sponges and the weighing 
scale during operation ** to ascertain loss of blood will make the surgeon and his 
associates “blood loss minded,” a very important contribution to simulation of 
physiologic sleep during operative procedures, especially for substandard risk 
patients. 

One unaccustomed to consider operation in this light is prone to believe that 
operation is an ordeal which should be got through quickly and that the time 
element is the all-important consideration in the success or failure of an operation. 
Surgeons who hold to this view frequently cause their patients to have a fitful 
operative sleep, wholly unaware that their own hurry is largely responsible for 
the uneven course manifested by the patients during operation. They conclude 
quite naturally, therefore, that if an operation of an hour or two in their hands 
constitutes a major ordeal for the patient, longer operations are obviously 
out of the question. These same surgeons are skeptical and manifest signs of 
unmistakable incredulity when informed that a patient of 80 years or more can 
be maintained through a long and arduous operative ordeal, when well prepared 
for operation, without exhibiting quickening of the pulse or decline of blood pres- 
sure. To be sure protects the patient’s interests far better than to be swift. Nothing 
should be left to chance. The operation should be done in such a manner that the 
patient has to contend only with it not with the complications incident to hurry. 

Obviously it takes an organized team of anesthetists, nurses and surgeons 
working together harmoniously with precise coordination to make a long and 
difficult operative procedure simulate physiologic sleep. A high level of concen- 
tration and alertness must be maintained for the task at hand by all participants. 
The anesthetist must not go to sleep with his patient. And the surgeon must culti- 
vate the attitude of trying to perform every phase of the operation to his own 
complete satisfaction. The patient’s welfare is the paramount consideration; the 
matter of whether a difficult resection should be undertaken or not should not be 
made contingent on whether the surgeon has allotted himself adequate time in 
which to complete it. The surgeon in justice to his high calling and to his patient 
should put aside every other concern and discharge to the best of his ability the 
responsibility he has undertaken—an instruction more easily given to others than 
followed consistently by oneself. The great importance of the surgeon’s resigning 
himself completely to the interests of the patient being operated on long since 
convinced me that afternoon operating schedules more easily permit the surgeon to 
follow this self-imposed obligation of putting aside every other consideration in 
order that he may do his best work and serve his patient best. All need for hurry 
to meet appointments and fulfil luncheon engagements is done away with. Such a 
program impels the surgeon to appear a less social being than his own instincts 
suggest. This is only another concession which he learns to support without 
complaint in the interests of his patient and his calling. What right has the surgeon 
to permit any commitments of the day to conflict with concern for the patient 
during his trial of suspended animation, since it is his interests that the surgeon 
professes to regard as dominant? 

For a period of more than four years, all anastomoses in the gastrointestinal 
canal in this clinic have been made by the closed, or aseptic, method. The closed 
method of gastric resection which I described in 1940° and again in (1941) * has 


9. Wangensteen, O. H.: Aseptic Gastric Resection: I. A Method of Aseptic Anasto- 
mosis Adaptable to Any Segment of the Alimentary Canal (Esophagus, Stomach, Small or 
Large Intestine); II. Including Preliminary Description of Subtotal Excision of the Acid 
Secreting Area for Ulcer, Surg., Gynec. & Obst. 70:58-70, 1940. 
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been continued with no important changes in the technic. The latter paper describes 
in detail all the essentials of the procedure, of which only a tabular outline will be 
given here. Holman *® and Babcock"! (1942) more recently also have adopted 
the closed method of gastric resection. 

1. The patient goes to the operating room with an indwelling duodenal tube 
(nine hole tube) in place, great care having been observed to have the stomach 
completely empty ; suction is continued throughout the period of the operation. 

2. The anesthetic agent is intratracheally administered cyclopropane. During 
the past year spinal anesthesia (not continuous) has been employed fairly regularly 
as an adjuvant measure to augment relaxation during the early part of the operative 
procedure. 


3. Exposure is obtained through a long left subcostal incision (fig. 3). Gastric 
resection carried out through this incision, save for delivery of a jejunal coil of 
intestine with which to establish the anastomosis, is entirely a supracolic operation. 
Almost throughout the length of the procedure, therefore, the small intestines need 
not be exposed nor visualized (see item 5). 


Fig. 3.—The exposure through a left subcostal incision. Ready access is had to the fundic 
portion of the stomach; the duodenum may be dealt with readily through the same incision. 
This incision for gastric resection has many advantages. An important one is that it is 
entirely a supracolic exposure, eliminating the necessity for packing away the small intestine. 
(Reproduced from Wangensteen,® by permission of Surgery, Gynecology and Obstetrics.) 


4. The anesthetist not objecting, the patient is maintained in slight Trendelen- 
burg position throughout the operation, with the feet 15 to 20 cm. higher than the 
heart level. An intravenous needle or cannula is placed regularly in one of the ankle 
veins before the operation is begun, and a slow trickle of saline solution is main- 
tained at the outset to keep the needle open. 


5. Only dry sponges are employed, save where a retentive pack may come in 
contact with the small intestine. Inasmuch as the complete dissection in the 
ordinary gastric resection as carried out in this clinic through a long left subcostal 
incision is almost entirely a supracolic operation, save for anchoring the final stoma 
beneath the transverse mesocolon, there is rarely need for employment of any moist 
saline packs. In all infracolic operations, restraint of movement of the small intestine 


10. Holman, E.: Aseptic Resection of Stomach for Carcinoma and Ulcer, Surg., Gynec. 
& Obst. 74:146-152, 1942. 

11. Babcock, W. W.: Aseptic Gastrointestinal Anastomosis: A One Clamp Method of 
Universal Application, Surg., Gynec. & Obst. 75:485-498, 1942. 
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must be attained by wet packs. In such instances, these packs are counted but 
not weighed. The nonsterile room nurse at the foot of the table weighs the retrieved 
sponges periodically through the operation; this practice has been important in 
aiding the surgeon to gage loss of blood. Further, it has served to make him “blood 
loss conscious.” Surgeons who initially caused the loss of 400 to 600 cc. of blood 
during gastric resection learn soon to do the same operation in uncomplicated 
cases frequently with loss of only 150 to 250 cc. In a difficult case, with extragastric 
extensions, a far larger loss of blood must be produced occasionally to determine 
operability alone. Early in the operative procedure, the infusion of plasma is begun. 
Only enough plasma should be given to cover the loss of blood adequately. Blood 
is not given, save in the occasional difficult case in which the loss of blood is 
large. 

6. Operability is a relative term. Unless unmistakable signs of inoperability 
ire present, operation is undertaken regularly. No patient has been refused opera- 
tion in this clinic during the past few years because of age alone. A large cul-de-sac 
mass or large ascites with evidence of peritoneal carcinosis and jaundice con- 
traindicates operation. Of the cases in which exploration is done, resection is still 
performed in the majority. In the report of 1941,° the resection rate in the cases in 
which exploration was done was 88.5 per cent; obviously, a number of the opera- 
tions were palliative resections. During the past year, the resection rate in the 
‘ases in which exploration was done was 88.2 per cent; and obviously this figure 
ncludes only cases of patients submitted to operation. The patients whose 
condition is frankly inoperable are turned away in the medical outpatient clinic. 
\ge, anemia, obstruction and loss of weight do not militate against operation. 

When exploration is undertaken, only the finding of unexpected peritoneal 
carcinosis or evidence of widespread and intimate adherence of the growth to the 
diaphragm and pancreas, especially when accompanied by the presence of large 
para-aortic nodes, suggests that operation be limited to exploration. A few hepatic 
metastases do not constitute contraindication to resection, save when total gas- 
trectomy would be necessary. In the presence of direct extension into the liver, 
simultaneous excision of a part of the lobe involved is undertaken. Four hepatic 
resections were done incidental to resection for gastric cancer during the past year. 
In one of these, practically all of the left lobe of the liver was excised. Adherence 
of the tumor to the pancreas, the transverse mesocolon or the colon does not 
contraindicate resection. Simultaneous resection of the colon with the stomach was 
done three times for gastric cancer during the past year. Occasionally a stone- 
containing gallbladder or stones encountered in the common duct have been excised 
too before the abdomen is closed. 

7. Complete excision of the omentum up to the gastrosplenic omentum is done 
regularly to remove the lymph nodes between the stomach and the colon. Great 
care is observed to remove as much of the gastrohepatic omentum as is possible and 
also to remove all visible or palpable lymph nodes from within it. Recently, in the 
case of a man aged 38 with pernicious anemia of seven years’ duration, presenting 
two lafge malignant polyps in the stomach, one of which was near the esophago- 
gastric juncture, a group of about a dozen large para-aortic lymph nodes was found. 
These nodes extended as a chain of large isolated nodules, one node on either side 
of the aorta, from the celiac axis to the inferior mesenteric artery. By elevating and 
retracting the pancreas both upward and downward, it was possible to remove 
the nodes between the celiac axis and the superior mesenteric vessels. The other 
para-aortic nodes beneath the transverse mesocolon were removed without difficulty. 


a ee 
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Lymph fistula did not follow, and the patient was dismissed from the hospital ten 
days after a 95 per cent gastric resection. 

Such a procedure probably will prove to be only a gesture. Yet, if the local 
lesion is removed completely, deposits of malignant cells may be restrained within 
the confines of lymph nodes for a long time. The observation of an instance in 
which a somewhat similar dissection and removal of large lymph nodes from the 
gastrohepatic omentum together with the local lesion in the stomach was followed 
by a period of freedom from symptoms of more than thirty months suggests that 
such attempts at palliation may have some merit. The patient just referred to died 
thirty-three months after gastric resection. A solitary large node near the porta 


Hand 

Fig. 4—The steps in dissection and closure of the duodenum. Employment of the “halt 
purse strings” at the ends combined with a few Halsted mattress sutures constitutes an emi- 
nently satisfactory method of closing the duodenum. The reattachment of the pancreatic 
capsule (6a and b) affords assurance that a secure closure has been obtained. The “half 
purse strings” shown in 5a insure good duodenal inversion with a few extra interrupted 
Halsted mattress sutures in the first row. Two rows of sutures are placed usually. If the 
duodenal mobilization is adequate, both rows may be placed in the duodenal wall. Many 
times it is necessary, however, to place the second row in the pancreatic capsule as shown 
here (6a and b). (Reproduced from Wangensteen, footnotes 6 and 12, by permission of 
Surgery, Gynecology and Obstetrics.) ‘ 


hepatis had occluded the common bile duct and produced jaundice. There were no 
other residuals. 


8. The duodenum is divided after application of the Petz suturing apparatus, 
and inversion is achieved with two rows of interrupted silk sutures. 
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The two half purse strings in the first row, which I described in 1940," 
have proved an eminently satisfactory means of achieving inversion. Obviously, 
the duodenal mobilization to permit inversion must be adequate. Drainage need 
not be employed, and no duodenal fistulas following gastric resection have been 
observed in this clinic in several years. The importance of good duodenal inversion 
contributes much to the safety of gastric resection. 


9. The entire lesser curvature of the stomach must be excised (fig. 6). 
Failure to remove it frequently leaves residual cancer cells in the proximal line of 
resection and makes an otherwise satisfactory operation but a palliative procedure. 
The left subcostal incision facilitates access to the esophagus and the fundus of the 


Fig. 5—The steps employed in securing satisfactory closure of the duodenum in the 
presence of duodenal invasion. This type of duodenal closure need not be employed frequently 
With gastric cancer. The surgeon must use it frequently for patients with massive hemor- 
rhage from a duodenal ulcer and for nonbleeding patients who have a posterior wall duodenal 
perforation. Division of the avascular ligament of the duodenum as shown in 4, brings the 
duodenum nearer the midline and obviates tension. This separation also permits visualiza- 
tion of the common bile duct and affords the surgeon reliable information concerning the 
extent to which he may mobilize the duodenum. (Reproduced from Wangensteen,® by per- 
mission of Surgery, Gynecology and Obstetrics.) 


stomach. When the entire lesser curvature is excised, the residual blood supply 
of the stomach comes from two or three gastric vessels from the splenic artery. 
Great care must be observed, therefore, not to injure that vessel (fig. 14). 


12. Wangensteen, O. H.: The Problem of Surgical Arrest of Massive Hemorrhage in 
Duodenal Ulcer, Surgery 8:275-288, 1940. 
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10. The extent of the excision on the greater curvature depends largely on the 
location of the lesion (figs. 7, 9, 10, 11 and 13). Even for a neoplasm located 
definitely (apparently) in the antrum, a 75 to 80 per cent gastric resection should 
always be done as a minimum. In this clinic the usual extent of the excision for 
gastric cancer is an 80 to 90 per cent resection. During the past year, only 2 total 
resections were done, but there were 15 in which the extent of the excision was 
90 per cent or more (table 3). 

I employ the Hofmeister procedure regularly in effecting the gastrojejunal 
anastomosis. Inversion of the upper end of the lesser curvature in the gastric 
wall (fig. 7 D) simplifies the surgical problem. The extent of a gastric resection 
as carried out in this clinic is varied largely by the elevation of the point of resection 


Fig. 6.—Preparation of the lesser curvature. a, ligature of the left gastric artery. b, 
division of the peritoneal folds (anterior and posterior) to the esophagus. c, closure of the 
peritoneal defect at the upper end of the lesser curvature by interrupted silk sutures shown 
here has been abandoned. These sutures are placed now only after amputation of the 
stomach as shown in figure 7C. (Reproduced from Wangensteen,® by permission of Surgery, 
Gynecology and Obstetrics.) 


of the greater curvature (figs. 7 and 14). In all resections below 95 per cent, there 
is invariably enough remaining fundus to permit good closure of the upper end 
of the lesser curvature. In excisions of more than 95 per cent, burying the upper 
end of the divided lesser curvature in the residual gastric fundus becomes 
impractical. Under such circumstances, after placement of the Halsted mattress 
sutures of fine silk (fig. 7 D) remnants of the gastrohepatic omentum, the pancreatic 
capsule at this level or the proximal jejunal loop may be employed to reenforce the 
suture line. I have on a few occasions, when the lower end of the right 
border of the esophagus was involved, removed a strip of it, together with the 
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entire lesser curvature of the stomach; in these instances, especially if the gastric 
resection is large, it almost invariably becomes necessary to resuture the esophagus, 
without the advantage of burying it in the gastric fundus. The repaired esophagus in 
such instances looks not unlike a gooseneck 5 to 8 cm. in length. Obviously, a total 
gastrectomy would be a simpler procedure in some such cases. Yet, in my hands 
at least, the procedure described herein is a safer procedure than total gastrectomy. 

11. A closed anastomosis 6 cm. in length as depicted in the accompanying 
diagrams is made with two rows of sutures; the outer row is constituted by 
interrupted Halsted mattress sutures of fine silk and the inner row by a running 
suture of fine catgut. The anastomosis is made at the ligament of Treitz; in 
achlorhydric stomachs, the matter of the level of the anastomosis is not so important. 














Fig. 7—A, placement of the large adjustable clamp on the stomach. Note its angle, 
permitting division of the lesser curvature at the esophagus. 8B, after placement of the upper 
clamp, the burrs above and below the blades are loosened with the wrench shown in figure 8; 
the handle is then swung out in the axis of the blades, the lower clamp with the resection 
ledge is applied and the cautery amputates the stomach. The amputation is done along the 
margin of the resection ledge. C, a 6 cm. clamp grasps the lower end of the divided stomach, 
at the site chosen for the anastomosis. The upper end is whipped over with a running 
suture of fine catgut. A large roller-skate type of key (fig. 8) is employed to unlock the 
handles, permitting removal of the large adjustable clamp. The aseptic anastomosis clamp, 
shown in D, is then applied. The cautery (not shown here) is used again to sever the gastric 
tissue held in the grasp of the 6 cm. clamp. Then, finally, the coagulating current of a 
surgical diathermy apparatus (Bovie unit with dials set at 70) is applied for three seconds. 
The final situation is shown in D. No instance of postoperative gastric hemorrhage has 
been observed in more than 200 consecutive gastric resections in which the closed method 
of anastomosis employing the Hofmeister maneuver shown in figures 9 and 10 was used. 


In resections for ulcer, the site of the anastomosis is extremely important. Jejunal 
anastomosis with a long proximal loop in resections for duodenal ulcer predisposes 
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to stomal ulcer even though the gastric resection is extensive (1942).** Entero- 
anastomosis is performed in this clinic only when total gastrectomy is done. A 
small amount of sulfathiazole is implanted about the anastomosis, 1 or 2 Gm., 
of which the larger amount is placed above the transverse mesocolon. Sulfathiazole 
does cause adhesions, and only a tiny film of the powder should be rubbed over 
the suture line, below the transverse mesocolon. A total implantation of approxi- 
mately 3 Gm. suffices for the whole operative field, including the abdominal wall. 
No additional sulfonamide compound is given ordinarily by any route for forty- 
eight hours (see item 5, in the section on postoperative treatment). 

The importance of inverting a minimum of tissue cannot be stressed too much ** 
(fig. 12). In a group of more than 200 consecutive gastric resections performed 
in this clinic for malignant tumor and for ulcer, not a single instance of post- 
operative gastric retention has been observed. These observations suggest definitely 
that the surgeon is responsible for postoperative obstruction at the efferent gastric 
outlet. 

12. The indwelling gastric tube (nine hole) is inserted into the proximal 
duodenal loop. Since the anastomosis is made regularly at the ligament of Treitz 














Fig. 8—Gastric clamps for the closed gastric resection. The clamp above the wrench is 
applied first. By loosening the burrs above and beneath the blade, the handles may be 
rotated into the most convenient position. The clamp below the wrench presents a resection 
ledge. This clamp comes away with the segment of the stomach to be removed. Figure 7 
indicates how the clamps are used in the closed gastric resection. The roller-skate type of 
key shown on the right is used to loosen and tighten the clamp which compresses the blades. 
These adjustable clamps, as well as the anastomosis clamps shown in figures 9 and 10, are 
made by V. Mueller & Co., of Chicago. 


in partial gastric resection, the proximal duodenojejunal loop becomes merely the 
duodenal loop (fig. 11). 

13. Interrupted fine silk sutures are used throughout the operative procedure, 
save in the inner row of the anastomosis. 


13. Wangensteen, O. H.: The Surgical Management of Ulcer: A Chemical Problem, 
Including Description of How the Secretion Factor Influences the Success of Anastomotic 
Procedures, Proc. Interst. Postgrad. M. A. North America, to be published. 

14. Wangensteen, O. H.: (a) The Cause and Prevention of Stomal Obstruction in Gastro- 
jejunal Anastomoses (Gastric Resection and Gastrojejunostomy), in Medico-Surgical Tributes 
to Harold Brunn, Berkeley, Calif., University of California Press, 1942, pp. 551-562; (b) 
Some of the Advantages of Closed Anastomosis in Gastrointestinal Resections, Proc. Interst. 
Postgrad. M. A. North America (1941), 1942, pp. 161-166. 
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Fig. 9.—The posterior portion of the gastrojejunal anastomosis. In a is shown placement 
of the first posterior row of interrupted Halsted mattress sutures. These sutures are to be 
placed at a distance of not more than 0.75 cm. away from the clamp. Note position of the 
clamps, rotated to permit easy placement of the sutures. Five or six sutures are placed 
before any are tied. Additional sutures are then placed between, making a total of ten to 
twelve. As each is tied, the assistant (second) who holds the clamps rotates them inward 
to afford maximal approximation at the site of the tie. In b is shown the second posterior 
suture (running chromic catgut no. 000). The portion of the jejunum above the clamp is 
not yet removed. (Reproduced from Wangensteen,* by permission of Surgery, Gynecology 
ind Obstetrics.) 


Fig. 10.—The anterior portion of the anastomosis. In a, the jejunum above the clamp 
(fig. 9) has been cut away with the cautery—not directly on the clamp but about 1 mm. above 
it. The single ferrules shown in figure 9 have been removed, the handles of the clamps have 
been rotated, the double ferrule has been applied, engaging the tips of both clamps, and 
the approximation device over the handles is in place. In b, the running catgut suture shown 
in a is pulled on after removal of the clamps. Elevation of the midportion of the suture on an 
eyelid retractor permits aspiration of the residual gastric pouch with a sucker, after which the 
catheter is pulled out with an alligator type of forceps. The catheter is placed carefully into 
the proximal duodenal loop of the anastomosis. In c, after the catheter is in place, the anterior 
catgut suture at each end is tied to the posterior running catgut suture. Before these ends are 
tied, a fine silk suture is placed at each end, to prevent buckling or a “purse string effect” 
when the anterior and posterior sutures are tied. (Reproduced from Wangensteen,* by per- 
mission of Surgery, Gynecology and Obstetrics.) 
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POSTOPERATIVE TREATMENT 


The essentials of sound postoperative care have been outlined elsewhere ‘ 
and will be presented here only in outline form: 

1. During operation the anesthetist keeps the patient’s trachea dry by frequent 
aspiration through the intratracheal tube. If the patient’s bronchi seem wet on 
completion of the operation, bronchoscopy is done—an infrequent occurrence in 
our experience. 

2. The patient is transported on his side in slight Trendelenburg position on 
the litter to his room. 

3. The application of suction to the intragastric duodenal tube is commenced 
again and continued without interruption for seventy-two to eighty hours. The 
continuous use of suction during the early recovery period prevents distention ; 
in consequence, the patient needs less sedation for pain than he does with a 

















Fig. 11—The completed anastomosis. A row of interrupted Halsted mattress sutures of 
fine silk (Deknatal D, 2 pound [0.9 Kg.] test strength) has been placed over the catgut shown 
in figure 10. Care has been observed to anchor the slit in the transverse mesocolon to the 
gastric wall 1 to 2 cm. above the suture line. The previous attachment of the ligament of 
Treitz to the beginning of the jejunum (dissected free) is shown just proximal to the 
anastomosis. The catheter, with holes for suction, both in the duodenal loop and the 
residual gastric pouch, is shown in situ. The insert shows the residual gastric pouch seen 
from above the transverse mesocolon. There apparently being no necessity for a tube in 
the efferent jejunal loop, use of the forked tube has been abandoned. 


distended bowel. The patient is allowed water to drink as soon as he awakens after 
operation. For purposes of avoiding too frequent changing of the suction bottles, the 
fluid intake is limited to 2 liters per day. Very few patients wish to exceed this 
amount, with a satisfactory paraoral intake of fluid. The hypodermic administration 
of small doses of sodium phenobarbital three or four times a day makes the patient 
less apprehensive ; in consequence, he complains less about the irritation of the tube 
in the throat. 


4. On the patient’s arrival in his room, the foot of his bed is elevated on 
the shock frame shown in figure 16. It is kept on the top rung until he is awake. 
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This supports the blood pressure and permits gravitation of any tracheal secretions 
into the patient’s nose or mouth, from which they may be aspirated readily. All 
patients, no matter what their financial status may be, are provided with special 
nursing care during the early convalescent period. The nurse aspirates the mouth, 
nose and pharynx frequently during the early hours of convalescence to remove 
mucus. With a well sustained blood pressure and with recovery of the patient’s 
reflexes, the foot of the bed is lowered gradually down to the last rung of the 
shock frame—usually six to eight hours after operation. However, as long as 
the indwelling gastric suction tube is in place, the foot of the bed remains elevated 
on the lowest rung of the shock frame. In this position, the patient’s feet are 
constantly higher than the heart level, insuring a low venous pressure in the leg 
veins, precluding at the same time slowing and stasis of the venous current. As 





Fig. 12.—Mechanism of obstruction at the efferent outlet after gastrojejunal anastomoses. 
A, inversion of too much tissue creates a flap, which obstructs at the efferent outlet. Obstruc- 
tion at the afferent inlet through such an agency is distinctly unusual. 8B, the gastrojejunal 
stoma after incorrect and correct suture. In a /, is shown an oversuturing (incorrect) with 
a narrow stomal slit and an obstructing flap at efferent outlet; in b J, a wide stomal slit with 
large patulous stomas at the inlet and outlet (correct), after inversion of 0.5 cm. of the 
adjacent gastric and jejunal walls in the anastomosis. A large number of consecutive gastric 
resections for ulcer and carcinoma (more than 200) have now been done by the closed 
method, in which great care has been taken not to invert more than 0.75 cm. of the gastric 
and jejunal walls in the anastomosis. No instance of gastric retention has been observed 
in the group after withdrawal of the inlying duodenal tube seventy-two hours after operation 
(fig. 11). (Reproduced from Wangensteen, footnotes 8a and 14a, by permission of Surgery, 
Gynecology and Obstetrics.) 


soon as the patient recovers from the anesthetic and is well oriented, the importance 
of moving his toes is enjoined on him. By nurses and surgical house officers 
alike, the patient is urged a dozen times or more a day to “move his toes incessantly, 
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when awake—a thousand times a day!” The oxygen tent is employed rarely and 
only on positive indication, such as dyspnea or cyanosis. In the main, if complica- 
tions can be avoided, the administration of oxygen practically can be dispensed with 
after resections in the gastrointestinal canal. Good nursing care contributes far 
more to the patient’s safety and comfort. 

Fowler’s position is not employed. Late in convalescence (about the eighth 
day), the patient may sit up against a back rest to eat, but as long as he remains 
in bed he is asked to lie flat with the knees straight, no pillow being permitted 
beneath the knees. During the period when the patient is confined to bed, 


Sub -total 
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Fig. 13—Usual extent of excision of gastric tissue in this clinic. In a is shown the most 
frequent site of amputation for both ulcer and cancer. Great care is observed in resections 
for cancer to remove the entire lesser curvature. For high lesions, the operations in b and 
c are done. The only manner in which they differ from that shown in a is in the extent of 
excision on the greater curvature of the stomach. In resections of less than 95 per cent, it is 
not difficult ordinarily to bury the esophagus at the lesser curvature in the fundus of the 
stomach as shown in figure 7C. In resections of more than 95 per cent, it is frequently 
impossible to accomplish this. It then becomes necessary to cover the right border of the 
esophagus with the residual adjacent edges of the gastrohepatic omentum at that level. In 
d is represented total gastrectomy. (Reproduced from Wangensteen,®* by permission of Surgery, 
Gynecology and Obstetrics.) 
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Fig. 14.—The residual gastric pouch in the 75 to 80 per cent resection. It is to be noted 
that the residual gastric pouch gets its entire blood supply from two short gastric vessels, 
branches of the splenic artery. Ordinarily, in gastric resections in excess of 85 per cent, only 
one short gastric artery is left. It is obvious that caution must be observed not to injure the 
splenic artery. If the splenic artery or the remaining short gastric arteries are injured, 
total gastrectomy must be done. The large adjustable gastric clamps shown in figures 7 and 
8 have a blade which may be rotated on the handles. These clamps were devised for use 
with the left subcostal incision to permit maneuverability, at the same time assuring maximal 
protection to the remaining blood vessels. The insert shows the normal blood supply of 
the upper portion of the stomach. The left and right gastric arteries and the gastroepiploic 
artery are interrupted completely in the operation as I perform it. 


he is turned from side to side frequently (every two hours day and night, unless 
asleep). These strictures have, I believe, a telling effect. Instances of death from 
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pulmonary embolus alone have not been observed in the gastrointestinal surgical 
service in this clinic over a period of several years. Urging constant movement 
of the toes on the patient during waking hours has another advantageous effect : 
When the patient gets up nine days after operation he finds himself usually strong 
enough to stand and frequently able to walk. 


5. A large number of patients with carcinoma of the stomach are old and 
have impaired cardiac reserve. It is important, therefore, not to overhydrate or 
overchlorinate the patient with sodium chloride solution. Unless unusual quan- 

















Fig. 15.—Special tissue forceps for use in grasping silk ligatures. The larger instrument 
is a nicely balanced instrument with a gentle spring, 24 cm. in length and weighing approxi- 
mately 60 Gm.; the smaller instrument is 12 cm. in length and weighs about 20 Gm. Note the 
crisscross striations. Such cross hatchings make it feasible to catch fine silk sutures regularly. 
Slipping of fine sutures when grasped with tissue forceps having the ordinary transverse 
striations is a matter of common experience. (Available through V. Mueller & Co., Chicago.) 


Fig. 16—Shock frame employed routinely after major abdominal operative procedures. 
Placement of the patient in steep Trendelenburg position obviates aspiration of mucus or 
gastric content into the trachea while the patient is asleep. The nasopharynx is kept dry by 
intermittent suction with an electric pump. When the patient awakens, the foot of the bed 
may be lowered, but it is kept on the lowest rung for four to five days after operation to 
prevent venous stasis in the leg veins. (Reproduced from Wangensteen,* by permission of 
Surgery, Gynecology and Obstetrics.) 


tities of fluid are aspirated from the residual gastric pouch and the afferent 
duodenal loop, 9 Gm. of sodium chloride a day is ample. Enough fluid should be 
given by vein or subcutaneously to insure a daily output of urine of 700 to 800 
cc. a day (see section on preoperative preparation). Inasmuch as a large number 
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of these patients have difficulty in voiding because of the age factor, an indwelling 
catheter is put into the bladder arbitrarily ; this permits accurate measurement of 
the twenty-four hour output of urine. After the initial dose of a sulfonamide 
compound (3 Gm. of sulfathiazole) implanted at operation, no more is given for 
forty-eight hours. Then 0.5 Gm. of sulfadiazine is given subcutaneously twice a day 
as long as the urethral catheter remains in place. All patients are weighed carefully 
the morning before operation and also each morning through the early post- 
operative period. This expedient constitutes the best gage of the status of hydration, 
especially in oliguric patients. 

6. In the absence of complications, granted the patient is not too feeble, 
he is ready for dismissal ten days after operation. And, as a rule, most of our 
patients undergoing partial gastrectomy for ulcer and a large number of patients 
undergoing resection for gastric cancer or partial colectomy with primary anas- 
tomosis for lesions in the large bowel are dismissed ambulant at that time, with 
instructions to come to the outpatient clinic for observation within a week, before 
finally returning to their homes. However, many patients operated on for 
gastric cancer are too weak to leave the hospital on the tenth postoperative day. 

With careful preoperative preparation and well controlled management during 
and after operation complications are few. If the operative procedure is made to 
simulate physiologic sleep, there appears to be no direct correlation between the 
hours spent by the patient in the operating room and his postoperative stay in 
the hospital. Only 14 patients of the resection group in this series were dismissed 
within ten days after operation. Twenty-three were dismissed by the fourteenth 
day. Excluding the 2 patients who underwent total gastrectomy, whose conva- 
lescence was longer because of subphrenic abscess, only 1 patient among the 
survivors was hospitalized for more than eighteen days after operation. In this 
patient an infection of the urinary tract developed, which kept him in the hospital 
thirty-one days after operation. 

The complete disappearance of postoperative gastric retention (see section 
on operation, item 11) has been a great aid to quick recovery of the patient. It 
is a source of constant wonder to me that motor transport in the upper reaches 
of the gastrointestinal canal appears to be entirely normal for solid food a few 
days after complete revision of the normal anatomic relationships. 

Another hitherto rather common postoperative complication which is giving 
every evidence of becoming very infrequent after resections of the stomach and 
colon in this clinic is atelectasis and pneumonia. Occasionally a relatively large 
number of gastrointestinal resections is done consecutively without either atelectasis 
or pneumonia being encountered. Why these complications are observed far less 
commonly now than a few years ago is not wholly clear. I believe that two 
important causes predispose to postoperative pneumonia: 1. Regurgitation from 
the stomach into the lungs may occur. This can be prevented by employment 
of an indwelling gastric suction tube before, during and after operation. Use 
of the Trendelenburg position and the electric suction apparatus immediately 
after operation to aspirate mucus from the nose, mouth and pharynx is an 
important prophylactic measure against both atelectasis and pneumonia. 2. Too 
rapid administration of too much fluid invites cardiac failure, pulmonary edema 
and pneumonia, especially in patients in the upper age brackets. 

The use of the intratracheal catheter, with a balloon to provide a closed 
respiratory system and frequent aspirations of the mouth and pharynx as well 
as the bronchi through the intratracheal catheter by the anesthetist during 
operation, probably also diminishes the opportunity for lodgment of mucous plugs 
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in the bronchi with ensuant atelectasis. The work of Nungester and Klepser *° 
(1938) bears out this suggestion. During early convalescence hyperventilation 
with a mixture of carbon dioxide and oxygen is carried out several times a day. 
Probably more important, however, in the prevention of atelectasis is the practice 
of having the patient give several successive forced coughs every two hours when 
awake with his lower costal margins supported firmly by the nurse. And finally, 
the sulfonamide compounds may play a helpful role in thwarting the occurrence of 
pneumonia, when small mucous plugs in the bronchi may predispose toward its 
development. 


TECHNIC OF EXCISION OF EXTENSIONS INTO THE LIVER 


Hemorrhage from hepatic tissue is not difficult to control. After the first 
partial hepatectomy carried out with the cautery, it was believed that a wire loop, 
employed like a tonsil snare attached to a surgical diathermy unit, would serve the 
purpose well. A coagulating current was applied to the lung tourniquet, the 
agent employed to tighten the wire loop. For areas less accessible for use of 
the wire loop, it was proposed to scoop out successive areas with the loop with 
employment of the cutting and coagulating current. 

These refinements were found not to be particularly helpful. I have therefore 
reverted to use of the cautery, placing hemostats on large intrahepatic vessels 
as they are encountered. After these vessels are tied, a small gauze sponge is 
left on the surface of the liver. Later, during the final moments of the operation, 
after completion of the resection, invariably it is found that the sponge has 
attached itself intimately to the cut surface of the liver and is detached only with 
difficulty, a circumstance similar to one well known to housewives, who find it 
necessary to surround sliced liver in the ice box with waxed paper (or put it in 
a glass container) to keep it from sticking to adsorbent surfaces. .Thrombin and 
muscle have been found useful in controlling oozing. In the main, however, the 
problem of bleeding from cut hepatic tissue has been far less formidable than it 
was believed to be initially. 

The entire left lobe of the liver can be excised by use of the cautery with 
ease. As yet I have had no occasion while undertaking gastric resection for cancer 
to excise a large portion of the right lobe of the liver. However, I have removed 
a fairly large portion of liver tissue at the ligamentum teres, removing a segment 
of the right and left lobes. If the adjacent edges of hepatic tissue cannot be 
approximated, the colon may be mobilized to cover the raw edges, the mesentery 
being stitched to the edges of liver to produce a closed space; drainage of this space 
with a small tube will direct the temporary escape of bile to the outside. Such 
biliary fistulas become sealed with the colon and mesocolon and close rather 
promptly. 

Such removal of direct hepatic extension occasioned by invasion of the tumor 
from the stomach demands no explanation. It is a simple and feasible procedure. 
Two of the 4 patients for whom partial hepatectomy was done coincidental with 
partial gastric resection are well and give no evidence now of having any residuals. 
Twenty months has passed since 1 of them was operated on, and the patient is 
40 pounds (18 Kg.) heavier than his preoperative weight and is working regularly. 
Another man, of 75 years, from whom a large wedge of hepatic tissue was 
excised from the right and left lobes, is also well twelve months after operation. 


15. Nungester, W. J., and Klepser, R. G.: A Possible Mechanism of Lowered Resistance 
to Pneumonia, J. Infect. Dis. 63:94-102, 1938. 
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The 2 remaining patients probably have recurrence on the basis of incomplete 
removal of other extragastric extensions at the time of operation. 

To a few patients with cancer of the colon in whom a few isolated hepatic 
metastases were found in a lobe of the liver in the course of partial colectomy, I 
have proposed going back after the lapse of two or three months to remove that 
section of the liver—in the manner in which one would propose dealing first 
with the local lesion in cancer of the lip and subsequently with the involved 
regional lymph nodes. The time interval here should probably be a little longer 
than the usual interval with the lip operation. As yet, however, no patient has 
accepted the proposal. I have resected the colon in the presence of hepatic metastases 
a number of times and have been astonished to note how frequently the patients 
survive for a year. One patient with hepatic metastases from a carcinoma of the 
small bowel dealt with by operation has been followed in this clinic for four 
years. The hepatic metastases were not removed, and the patient’s weight con- 
tinues at 70 pounds (32 Kg.) more than his weight at operation. It is to be 
admitted that survival for a year after gastric resection done for a malignant 
lesion in the presence of hepatic metastases is unusual. Assuming that the local 
lesion has been excised completely, one could justify, under otherwise favorable 
circumstances, secondary entry to excise a portion of the liver in which a few 
isolated hepatic metastases were noted at operation. Granted that the primary 
lesion has been excised completely, the only source of further extension would be 
growth of the hepatic metastases. Probably these conditions are unusual and 
matters for contemplation rather than situations which the surgeon will have to 
concern himself about very much. In cases of colonic cancer, secondary extirpation 
of metastases in a single segment of the liver is, I believe, a justifiable undertaking, 
in the light of the long survivals attending removal of the local lesion. Further, such 
secondary partjal hepatectomies will afford some information concerning the mode 
of spread of metastatic cancer within the liver—information which cannot be 
obtained as long as the local lesion remains in situ.'® 


TOTAL GASTRECTOMY 


Somewhat more than two years ago, I did a succession of total gastrectomies 
without particular immediate incident. However, the late development of sub- 
phrenic abscess in a number of the cases (see section on complications) soon 
dispelled the thought that total gastrectomy might be done with a risk not out 
of line with that of partial resection for gastric cancer. Total gastrectomies were 
done on 2 patients in the present series, in both of whom subphrenic abscess 
developed. 

The schemes of operation suggested by Roscoe Graham ** (1940) and Morton ** 
(1942) probably offer the best protection against the development of subphrenic 
suppuration. As a matter of fact, a method for total gastrectomy not unlike that 
of Graham was proposed and described by me in 1937.*° When the closed method 


16. It may even be justifiable for the surgeon to ask whether partial hepatectomy might 
not be worth while in cases of cirrhosis. Normally, the best stimulus to regeneration of 
hepatic tissue is to excise a part of the liver. If cirrhotic liver can regenerate, the only 
considerations which should deter the surgeon are: (1) the question of portal hypertension 
and the matter of increasing the resistance to inflow of portal blood through the liver and 
(2) the poor tolerance to operation of patients with cirrhosis. 

17. Graham, R.: Technique for Total Gastrectomy, Surgery 8:257-264, 1940. 

18. Morton, C. B.: Total Gastrectomy: Technical Considerations, Surg., Gynec. & Obst. 
75 :369-373, 1942. 

19. Wangensteen, O. H.: High Gastric Resection in Cancer of Stomach with Relation 
of Personal Experience, Journal-Lancet 57:1-4, 1937. 
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of anastomosis was adopted in this clinic, it seemed to me that encompassing 
the esophagojejunal anastomosis within the afferent and efferent limbs of the 
jejunum to prevent fistula formation was unnecessary. My more recent experience 
with total gastrectomy suggests that burying the site of the esophagojejunal anas- 
tomosis within the confines of the adjacent jejunal limbs ascending to and 
descending from the anastomosis is a very worth while maneuver. In completing 
the dissection for the esophagojejunal anastomosis, the blood vessels coursing 
over the fundic end of the stomach are interrupted, and this undoubtedly in many 
instances comprises the blood supply to the infradiaphragmatic portion of the 


esophagus. 





TABLE 1.—Types of Operation and Hospital Mortality 





Number of Hospital Cases of 
Cases Deaths Recovery 
1. Exploration and jejunostomy.. 2 0 2 
2. Gastrojejunostomy........... 3 0 3 
3. Gastric resections... ria a eer ee 36 3 33 
TE IS SSNPS See ate 8 , 33 
Di, SOD Jn ottcccddreenhetenceee 1 
eo nub acs ducstee enn cdewe nant 2 
pS I aac nneso ncububncagendeneeeaed . 2 0 2 
I, 6. gute dindne ‘ ; seat eek bene sae 43 3 40 


Resection mortality, 7.8 per cent. 
Resectability rate, 88.2 per cent 


TABLE 2.—Analysis of Cause of Death in Fatal Cases 











Initials, Cause of Death 
Date of Age, Extent of Survival — A 
Operation Sex Operation Period Unaevoidable Avoidable 
9/8/41 A. 3. 80 per cent gastric re- 6 days Coronary 
67 years section and excision of thrombosis 
Male segment of transverse 
colon with primary 
anastomosis 
10/28/41 Ez. P. 80 per cent gastric re- 48 hours Fatty liver, pneumonia 
71 years section, excision of por- 
Female tion of pancreas 
3/23/42 E. F. 99 per cent resection, 57 days Peritoneal abscesses 
51 years leaving only tiny wedge eaused by having left 
Male of very apex of gastric a sponge in the peri- 


fundus about 1 cm. in 


toneal cavity 





length and 5 em. in width 


OPERATIVE MORTALITY 

All deaths in the hospital after operation are reckoned in computing the 
operative mortality. The results are indicated in table 1. The mortality in the total 
group was 7 per cent; in the resection group, 7.8 per cent. It is to be noted (table 
2) that there was only 1 unavoidable death. The character of the resections under- 
taken is indicated in table 3. In this series the gastric resections were done by 
six surgeons. The larger number, however, were done by two surgical residents 
and myself. 

I have made three previous reports on operative mortality in the surgical 
management of carcinoma of the stomach. Two years ago® in a group of 35 
cases of gastric cancer the resection rate was 88.5 per cent and the resection 
mortality was 11.5 per cent (see table 1 and footnote on page 276 in the 1941 
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report ®). The closed anastomosis was used in all cases in both series. In 1937, 
a report was made covering a thirty month period from July 1933 to January 
1936. The resection rate was only 28.5 per cent. During that period, I did only 12 
resections for carcinoma of the stomach, with 1 death (8.5 per cent mortality). 
Prior to July 1933, my experience with a high resection rate for gastric cancer 
had not been good. As the recent study of Livingston and Pack* indicates, very 
few surgical clinics in this country could then boast of a satisfactory operative 
experience with the surgical management of carcinoma of the stomach. Chastened 
by the sobering effect of a study of those results and the criticism of my colleagues, 
I determined to limit attempts at resection to distinctly favorable cases of cancer 
with the happier but more contracted experience just related. Emboldened by 


TasLe 3.—E-xtent of Gastric Resection 








Number of Hospital 
Cases Deaths Cause of Death 

3. TreGal GROtWONOGU coccccccccecccecececcess 2 0 
S. GD wer Came Bac cic ccdscbccccccereses 1 1 See case 1, table 2 
3. OB per cemt TesectiON........ccseccccccccccces 1 
6, GB BP CU Be ccc ce cccnccccccscccccess 1 
5S. GB per comb FOSOCHOR. ....ccccccccccccccccece 1 
GC. GD BaP GHB. Bea w cc cc ccccccccccessccscs 9 
a f « » ya ee 3 oa 
O. Ge Oa GOD Whe cc cc vescccctoonscccecs 11 2 See cases 2 and 3, table 2 
D. TE POF COME TOSSCCION....cccccccccccces ee 8 
ee a I Sa hs os ccccesevuccccaveccsies 1 

an titns shias vedsasbensasesouebenes 33 3 








Taste 4.—Simultaneous Performance of Procedures in Addition to Gastric Resection 








Number of Cause of 
Cases Deaths Death 
DR. FERRE DOMORNIROUD. 60000000850008c000scsseécccebeseenunecerbausese 2 0 
2. Partial hepatectomy and splenectoMy............sseeccesesecresces 1 0 
3. Partial hepatectomy and excision of previous gastrojejunostomy 1 0 
4. Simultaneous excision of portion of PANCTEAS..............ceeeeeee 1 1 Fatty liver 
5. Simultaneous excision of previous gastrojejunostomy............. 1 0 
6. Simultaneous excision of gallbladder.......... o06bedbebedses eoeetes 1 0 
7. Simultaneous cholecystostomy ...........sssscssceseees petddesedéee 1 0 
8. Simultaneous repair of paraduodenal hernia......... Vedbieeeeds ae 1 0 
9. Closure with open duodenum owing to duodenal extension........ 2 0 
10. Simultaneous resection of transverse colon...... ecveeres oe ae 3 1 Coronary 
—_— — thrombosis 
Oe 0 0 0h ebasdnsescccsedennceescssecencesckbbbeneanaenettes 14 2 








that experience, I again considerably extended the indications for resection. 
In the subsequent period (Jan. 1, 1936 to Nov. 1, 1939), covered by the report of 
1940,?° the resection rate had mounted to 70.9 per cent, 39 resections in 55 patients 
operated on. Extending the operability beyond the generally accepted orthodox 
indications for resection also increased the mortality materially—8 deaths in 39 
cases of resection, a mortality of 20.5 per cent. 

It has been very gratifying to note, therefore, that during the last three years 
the resection rate has gone still higher, but with a distinct lessening of the mortality. 
The closed resection has, in my opinion, been an important factor in the reduction 
of that mortality. Four additional technical features deserve mention: (1) use 
of the left subcostal incision and fine silk sutures instead of catgut, with com- 


. 


20. Wangensteen, O. H.: The Surgical Management of Carcinoma of the Stomach, Min- 
hesota Med. 23:210-215, 1940. 
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plete elimination of the hazards of evisceration; (2) safe and secure closure of 
the blind end of the duodenum, with elimination of deaths from poor inversion ; 
(3) avoidance of postoperative obstruction at the efferent outlet, with complete 
disappearance of all symptoms or objective evidence of obstruction at the efferent 
gastric outlet, and (4) avoidance of a closed duodenal loop at the afferent gastric 
inlet by use of the inlying duodenal tube threaded into that loop from the residual 
gastric pouch at the time of operation (fig. 11). The last-mentioned complication 
is not frequent, but it is a potentially serious one. 

There are a few other items which have contributed in an important manner 
to more uniform success in bringing substandard risk patients safely through 
operation: (1) improved anesthesia; (2) elimination of the element of hurry in 
the operation (some years ago gastric resections were done regularly in this clinic 
in one and a half to two hours; since my associates and I have ceased to ask 
“How long?” but ask instead “How well was the operation done?” more survivals 
have been entered in the ledger of successes and failures) ; (3) practical elimina- 
tion of pneumonia and atelectasis as a frequent postoperative complication and 
generally improved postoperative care, and (4) improved preparation of the 
patient, especially with reference to proper feeding. 


COMPLICATIONS 


The only serious complications in the resection group occurred in the 2 
patients on whom total gastrectomy was done. In both of these subphrenic abscess 
developed. One of them had a temporary esophagojejunal fistula as well. In 
both instances response to drainage of the subphrenic abscess was satisfactory. As 
Carter 7! (1939) has indicated, when subphrenic abscess forms after gastric resec- 
tion it is found almost invariably beneath the left side of the diaphragm. 

Roentgenograms are taken with use of opaque markers on the skin. Antero- 
posterior and lateral films without barium and anteroposterior and lateral films 
with barium sulfate, one taken with the patient sitting and the other when he is 
in a steep Trendelenburg position, suffice to indicate: (1) whether an abscess is 
present and (2) where it may be reached most readily. Ordinarily, I drain a sub- 
phrenic abscess on the left side through an incision just above the left inferior 
costal margin. The ninth and tenth costal cartilages are removed, together with 
almost a centimeter of the rib. An incision is then made through the posterior 
perichondrial beds. The diaphragm may be incised at this level, or one may dissect 
up over the diaphragm, opening both diaphragm and peritoneum over the area of 
induration—which site gives the clue concerning the likely location of the abscess. 
This is a simple extraserous method of draining a subphrenic abscess, a method 
which suggests itself readily to the surgeon given to a study of pictorial anatomy. 
The method, I find, is not new, having been employed by French surgeons during 
the last century. Lannelongue ** described its use in 1887. Canniot ** worked 
out the anatomic details in 1891. And in 1902 Lejars ** wrote a comprehensive 
paper _concerning modes of surgical attack on subphrenic abscess. In German 
surgical literature, this extraserous method of draining subphrenic abscess had 


21. Carter, B. N.: Left Subphrenic Abscess, Ann. Surg. 110:562-577, 1939. 


22. Lannelongue: Les abcés tuberculeux périhépatiques et leur traitement, Semaine meéd. 
7:235, 1887. 


23. Canniot, E.: De la résection du bord inférieur du thorax pour aborder la face con- 
vexe du foie, Thesis, no. 101, Paris, G. Sttinheil, 1891. 


24. Lejars, F.: Les suppurations de [a zone sous-phrénique, Semaine méd. 22:97, 1902. 
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been described by Melnikoff.2° Ochsner and his associates ** have given much 
study to the general problem of subphrenic abscess. 

In the main, the supracostal extraserous method described herein is a satis- 
factory way in which to drain most subphrenic abscesses on the left side, as 
well as some on the right side. One of the drawbacks of the method became mani- 
fest in 1 of the 2 patients on whom total gastrectomy was performed. Drainage 
through a supracostal incision on the left side had been made. Because fever 
failed to abate completely, a posterior drainage was made. The Penrose drain 
placed at the time of the first procedure was found within the abscess cavity at 
the second operation. Posterior drainage affords the advantage of continuous 
dependent drainage. 

It seems somewhat strange that this relatively simple method of draining a 
subphrenic abscess should not merit description in most textbooks on abdominal 
surgery. The only textbook in which I have noted its description is Spivack’s ** 
book on abdominal operations. Another possible deterrent which may have dis- 
suaded the French surgeons from continuing the operation is the drainage of pus 
over exposed cartilages. The development of chondritis has not been observed 
with this method of draining a subphrenic abscess in this clinic; it is, nevertheless, 
a possibility. 


EARLY DEATHS IN RESECTION GROUP SUBSEQUENT TO DISMISSAL 
FROM THE HOSPITAL 


Six patients are known to have died after dismissal from the hospital. Five 
ot these died of cancer. The other patient, a dyspneic man of 60 with a low vital 
capacity from an occupational silicosis, died two months after operation of lobar 
pneumonia. His physician reported that no residual malignant growth was found 
at autopsy. Two of the 5 persons who died of cancer were patients with pernicious 
anemia, who had hepatic metastases at the time of operation; one survived one 
hundred days and the other one hundred and twenty-three days. A patient with 
invasion of the duodenum necessitating inversion with an open duodenum (fig. 5) 
died two months after operation. Another patient, in whom a 90 per cent pal- 
liative resection was done for a tumor adherent to the pancreas and transverse 
mesocolon, died four months after operation. The remaining patient known to be 
dead had a total gastrectomy and died approximately five months after operation. 

Two additional patients have obvious evidence of recurrence—one at six 
months and the other at nine months after the operation. One additional patient 
presents presumptive suggestions of recurrence nine months after operation. In 
addition, there are a few patients who continue well despite microscopic evidence 
of cancer at the line of resection, in whom recurrence may be expected. 

The enumeration of these circumstances affords little cncouragement to the 
surgeon who proposes to improve the status of the patient with a late or far 
advanced gastric cancer. Yet in many such instances surgical intervention is 
necessary to arrest vomiting and prevent death from thirst and starvation. Without 
an aggressive surgical attitude toward the problem of gastric cancer, the incidence 
of ultimate cures will be limited to the distinctly favorable cases. In any case, 
obviously, the larger number of cures will always come out of that group. Yet, if 


25. Melnikoff, A.: Die chirurgischen Zugange durch den unteren Rand des Brustkorbes 
zu den Organen des subdiaphragmalen Raumes, Deutsche Ztschr. f. Chir. 182:83-151, 1923. 

26. Ochsner, A., and Graves, A.: Subphrenic Abscess: An Analysis of 3,372 Collected 
and Personal Cases, Ann. Surg. 98:961-990, 1933. 


27. Spivack, J. S.: The Surgical Technique of Abdominal Operations, Chicago, S. B 
Debour, 1936. 
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formal resection can be extended to the patients with advanced cancer as only a 
palliative procedure without great increase of risk over that presented by exploration 
or gastrojejunostomy, the additional salvage in length of survival and increased 
comfort should be worth the extra expenditure of time and effort. 


LATE RESULTS 

My associate Dr. George S. Bergh ** began some years ago a follow-up of 
the patients who had survived gastric resection in this clinic. In 1939 he found 
that 57 patients had survived operation for carcinoma of the stomach and were 
well without evidence of return of the disease for fairly long periods, up to more 
than ten years after operation. Continuance of that study was interrupted by the 
war, and the pressure of many obligations on a depleted hospital staff precludes 
bringing Dr. Bergh’s study of earlier resections for gastric cancer up to date 
at this time. 

SUMMARY 


Carcinoma of the stomach is one of the most serious of all surgical disorders and 
takes a large toll of life. A large proportion of patients with gastric cancer continue 
to come to the surgeon too late to be benefited by operation. Of patients not 
already presenting evidence of inoperability, the majority of those submitted to 
surgical exploration can have the lesion resected with a reasonable risk. However, 
in any such group there are bound to be a fair number of palliative resections, 
unless the surgeon is constrained to limit gastric resection to the favorable cases only. 
In the main, palliative resections for gastric cancer do not prolong life as much as 
similar operations undertaken for colonic cancer. Nevertheless, as long as pal- 
liative operations can be done with reasonable risk, it is preferable to excise the 
ulcerative lesion, even though the betterment is only temporary. The surgeon 
should excise the entire lesser curvature routinely in all operations for gastric 
carcinoma, to avoid leaving residual microscopic cancer at the proximal line of 
resection. The resection rate in the group of 43 cases reported was 88.2 per cent. 
The hospital mortality was 7 per cent and the resection mortality 7.8 per cent. 
Two of the 3 hospital deaths in the present group were avoidable. 

The closed anastomosis is employed regularly in all resections in the gastro- 
intestinal canal in this clinic. The experience of this clinic with its use suggests 
that it is an item of some importance in extending resection to patients who are 
substandard risks without increasing the hazards of operation. The loss of blood 
during operation should be minimal. Employment of dry sponges and of the weigh- 
ing scale teaches the surgeon and his staff that slight upsets of the bodily economy 
during operation are well tolerated by the patients. Restorative fluids given to 
offset the upsets wrought by the surgeon should be given by precision technic— 
neither too much nor too little. The weighing scale constitutes the best and most 
reliable index of the amounts necessary. A well planned operative procedure 
should simulate physiologic sleep—recovery from the patient’s illness commencing 
with the beginning of the operation. Operative procedures which test the patient’s 
capacity to tolerate great fluctuations in vital functions also tax his ability to with- 
stand them. The outcome of such procedures is unpredictable. The planned 
operation leaves nothing to chance, and the risk assumed for the patient is suscep- 
tible of measurement. 


28. Bergh, G. S.: Seminar Discussion on Carcinoma of the Stomach, January 1939, 
unpublished data. 
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Complete elimination of postoperative obstruction at the efferent gastric outlet 
after resection has been an important item in reducing operative hazards, mor- 
bidity and mortality. The somewhat improved showing in the present series over 
that of two years ago has been achieved essentially by better preoperative manage- 
ment. It is hoped that eventually the disparities of risk in gastric resection for 
ulcer and for carcinoma will be largely erased. It is likely, however, that this 
objective can never be achieved entirely unless the resection rate is reduced. 

Hepatic resection is a justifiable procedure for the excision of direct carcinoma- 
tous extensions from the stomach into the liver. Four such operations were done in 
the group of patients reported on—all without particular incident. It is suggested 
that in cases of colonic cancer it may prove feasible to do a secondary hepatic 
resection for isolated hepatic metastases in otherwise favorable cases a few weeks 
after the excision of the colonic lesion. One instance is reported herein in which 
para-aortic lymph nodes were removed coincidentally with gastric resection. It is 
indicated also that any other necessary surgical procedure, such as excision of a 
diseased gallbladder or repair of a hernia, may be undertaken simultaneously, 
apparently without pyramiding the risk to the patient. 

The importance of adequate preoperative preparation of poor risk surgical 
patients to withstand formidable operations cannot be stressed too much. The feed- 
ing of a liberal portion of protein with good capacity to bring about regeneration of 
plasma protein combined with a high carbohydrate and low fat diet combats the 
fatty liver diathesis of starvation and repairs hypoproteinemia simultaneously. 
Many substandard risk patients have to be given this diet by intragastric drip 
feeding, day and night. A well planned postoperative ritual following a well 
executed operative procedure should eliminate most of the ordinary postoperative 
complications, including distention, pneumonia and embolism. 

Lasting cures of gastric cancer can be achieved only when complete operations 
are done. If patients with gastric cancer do not come to operation in larger 
numbers in an earlier stage of the disease, there will not be a high proportion of 
lasting cures among those on whom resection is done. 


University of Minnesota Medical School. 
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TOTAL GASTRECTOMY FOR CARCINOMA OF 
THE STOMACH 


ROSCOE R. GRAHAM, M.B. 
TORONTO 


The patient who harbors a gastrointestinal carcinoma is doomed unless the 
growth is removed by a surgical operation. The contraindications for the removal 
of such a primary growth are decreasing. The primary lesion is being removed 
with increasing frequency because of a constantly decreasing primary mortality. 
Two questions must be answered: 

1. What is responsible for the decrease in the primary mortality? 

2. Should one remove the primary malignant lesion if it is impossible to eradi- 
cate all gross evidence of the disease, such as metastases in the liver or in the regional 
lymph glands? 

The lowering of the primary operative mortality of gastrointestinal carcinoma 
is not due solely to an extensive surgical experience coupled with a perfection of 
surgical technical procedures. Superb technical skill avails little if the patient’s 
condition is such that he cannot tolerate without disaster the necessary operative 
procedure. The surgeon must pay tribute and acknowledge his debt to the funda- 
mental scientists. They have accumulated and presented data revealing the bio- 
chemical and physiologic disturbances which accompany serious gastrointestinal 
disease. Clinicians have been tardy in applying to clinical practice the lessons 
learned in the laboratories. The most recent application of the laboratory studies 
in nutrition relates to the administration of protein. For some time clinicians have 
recognized and corrected the biochemical imbalance due to dehydration, hypo- 
chloremia, avitaminosis and carbohydrate depletion, but the significance of a defi- 
ciency of protein had until recent years rarely been either recognized or corrected. 
Since the discovery of the need for protein the preparation of patients with nutri- 
tional disturbances resulting from gastrointestinal disease has been greatly improved. 
The réadily available protein afforded by blood or plasma banks and in the form of 
hydrolized casein has been of inestimable value in restoring and maintaining by 
parenteral routes the adequate protein metabolism so necessary to the preoperative 
preparation of patients suffering from gastric carcinoma which demands an attempt 
at total gastrectomy. 

The wisdom of removing a local malignant lesion in the presence of irremovable 
metastases is debatable. However, the case for removal is supported by the fact 
that if the local lesion is removed the comfort of the patient, both mental and 
physical, is greatly increased. Further, all surgeons have noted that in an unpre- 
dictable number of instances the progress of the residual disease seems to have been 
definitely retarded after the removal of the primary lesion since some patients 
have survived a much longer time than one would have anticipated. Thus no 
criticism could be directed at removal of a primary growth if it could always be 
removed without primary mortality. However, in instances in which the local 
extent of the carcinoma demands a total gastrectomy, the primary mortality which 
still attends this procedure is so great that it is extremely doubful if a total gastrec- 
tomy should be carried out in the presence of obvious irremovable metastases. 
This opinion, however, will be modified by the philosophy of the individual surgeon, 


907 
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by the extent of the irremovable metastases and by the age and general condition 
of the patient. While it is true that most patients with gastric carcinoma which 
demands a total gastrectomy will, if they survive long enough, ultimately die of 
recurrence of the carcinoma, it is possible in the majority of cases to give definite 
mental as well as physical relief to the patient during the survival period. Acceptance 
of the responsibility to give mental as well as physical relief will also be a factor 
which will determine the enthusiasm of the individual surgeon for the total removal 
of the stomach. 

Gastric carcinoma is not, as so many patients and indeed a few physicians 
believe, a hopeless disease. All surgeons who have interested themselves in gastric 
carcinoma for many years can recall survivals of fifteen years or longer after 
partial gastrectomy for carcinoma; and if the primary operative mortality of total 
gastrectomy can be lowered, it may become possible to present patients who have 
survived for a surprisingly long time free from recurrence. My own attitude is 
that whenever possible, unless the metastases are gross or other factors deter, one 
should carry out a removal of a gastric carcinoma even though total removal of 
the stomach may be necessary. 

Although the application of scientific data to the preoperative correction of 
nutritional disturbances makes possible the total removal of the stomach for patients 
who previously would have been denied this opportunity for survival, there is still a 
forbiddingly high primary operative mortality, which, as has been shown at autopsy, 
is due to technical defects in the operative procedure. After much thought and 
many studies, with various combinations of operative procedures, a technic for 
total gastrectomy which has to a great degree overcome the defects and disasters 
of all my previous efforts is now being used. 

The details of the operative procedure I am now using are as follows: After 
adequate preparation the patient is sent to the operating room with a Levine tube 
in the stomach and an intravenous infusion of physiologic solution of sodium 
chloride and 5 per cent dextrose being administered by the drip method. Inter- 
mittent spinal anesthesia is used, based on the technic advocated by Lemmon.* 
Nupercaine hydrochloride is used as in induction of ordinary spinal anesthesia, but 
the special malleable metal spinal needle and the special mattress suggested by 
Lemmon are employed. If the operative procedure is prolonged beyond the time 
which former experiences have shown to be accompanied by an adequate anes- 
thesia from nupercaine alone, a previously prepared solution of procaine hydro- 
chloride in spinal fluid is injected as the supplementary anesthetic. There is 
the greatest satisfaction from this scheme of anesthesia. I have completely over- 
come my original horror at the thought of a needle’s being continuously in the 
spinal canal for two hours or longer during the course of a difficult abdominal 
operation. One avoids the anxiety and mental turmoil of the surgeon and 
the increased hazard to the patient which are the inevitable accompaniment 
of supplemental inhalation anesthesia which becomes necessary when the spinal 
anesthesia wears off before the completion of the operative procedure. If the 
patient becomes restless or is awake and apprehensive during the operation, the 
intravenous infusion already in progress permits the intravenous administration 
of sodium pentothal in a concentration of 2.5 per cent. This is very efficient in 
quieting the patient. By this same route one can readily administer stimulants, 
as well as blood or plasma, should such be necessary. This technical modification 
of Lemmon’s method,’ which has been worked out by Dr. W. Easson Brown,’ 


1. Lemmon, W. T.: A Method for Continuous Spinal Anesthesia, Ann. Surg. 111:140-145 
(Jan.) 1940. 


2. Brown, W. E.: Personal communication to the author. 
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a member of the anesthetic staff of the Toronto General Hospital, has resulted 
in a diminution of the operative shock and the undertaking of prolonged and 
difficult procedures with greater safety to the patient than was possible previously. 

The abdomen is opened by splitting the right rectus muscle just to the right 
of the midline. If the incision is carried high enough so that the peritoneum can 
be opened to the level of the xiphoid cartilage, I have been impressed with the 
value of such a high incision in giving an adequate exposure. On occasions the 
left abdominal wall is divided laterally, the incision starting at a point midway 
between the xiphoid process and the umbilicus and dividing the rectus muscle 
transversely. There is no contraindication to this supplementary transverse incision, 
but it is not always necessary. A careful survey of the intraperitoneal con- 
tents for remote metastases, particularly in the pouch of Douglas, should be 
the primary maneuver. While one need not necessarily withhold a radical total 
gastrectomy in the presence of minimal metastases, it is imperative to assure oneself 
that the result is worth the risk under such circumstances. The hazard of a total 
gastrectomy is much greater than that which accompanies the removal of an exten- 
sive carcinoma of the colon or the rectum. Removal of a local lesion of the colon 
or the rectum is accompanied by such constant and great relief of symptoms that 
excision is justifiable in the presence of extensive metastases. Similar metastases 
from carcinoma of the stomach would preclude total gastrectomy. 

When it has been decided that a total gastrectomy is desirable and possible, 
the first procedure is the mobilization of the left lobe of the liver by the division 
of the peritoneal attachment. This procedure, popularized by Grey Turner,’ 
gives adequate exposure and access to the entrance of the esophagus to the peri- 
toneal cavity. The great omentum is then removed in its entirety from the attach- 
ment to the colon. If the assistant holds the omentum in one hand and the colon 
in the other, so that tension is maintained on the tissues at the junction of the 
mentum with the colon, the entire maneuver of removing the omentum from 
the colon can be carried out through an avascular plane with the use of surpris- 
ingly few hemostats and with little trauma to the tissues and loss of blood. 

The mobilization of the greater and lesser curvatures of the stomach, with 
division of the duodenum and closure of the duodenal stump, is then carried out. 
The details of this maneuver have been presented previously * as part of the pro- 
‘edure necessary in gastric resection for ulcer. It is advantageous after the 
duodenum has been divided to wrap the stomach in a gauze pad and tie the pad 
in position with a stout tape. A finger is then inserted through the diaphragm 
beside the esophagus (fig. 1). Using the stomach as a handle and with down- 
ward traction on the esophagus, one can mobilize the lower end of the esophagus 
to a remarkable degree. During this procedure both vagus nerves are identified 
and isolated. The division permits a further mobilization of the esophagus. The 
separation of the periesophageal tissues by blunt gauze dissection will often make 
it possible to draw down the esophagus until 2 inches (5 cm.) or more will lie 
below the diaphragm. When one has delivered below the diaphragm as great a 
length of esophagus as seems safe and possible, a point is selected on the jejunum 
sufficiently remote from the fixed duodenojejunal junction to permit the approxi- 
mation of the jejunum to the diaphragm behind the esophagus without any tension 
on the mesentery of the jejunum. The suggestion of Allen*® that the jejunum 


3. Turner, G. G.: Henry Jacob Bigelow Lecture: Some Experiences in Surgery of 
Esophagus, New England J. Med. 205:657-674 (Oct. 1) 1931. 

4. Graham, R. R.: Technical Surgical Procedures for Gastric and Duodenal Ulcer, Surg., 
Gynec. & Obst. 66:269-287 (Feb.) 1938. 


5. Allen, A. W.: Total Gastrectomy for Carcinoma of the Stomach, Am. J. Surg. 40: 
35-41 (April) 1938. 
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be attached to the diaphragm by interrupted silk sutures is utilized (fig. 1). This 
excellent procedure anchors the jejunum in such a manner as to prevent a strain 
on the esophagojejunal anastomosis by the weight of the jejunum and its contents. 
After the jejunum has been securely anchored to the diaphragm, the esophagus 
is then sutured to the anterior surface of the distal limb of the jejunum by inter- 
rupted silk sutures (fig. 2). Three or four such sutures on each side are usually 
sufficient. The most distal suture on each side is placed at the level of the proposed 
anastomosis of the end of the esophagus to the side of the jejunum. These sutures 
are left long and held with hemostats to act as guy sutures. Holding the guy 
sutures, the surgeon then turns the stomach up toward the chest, exposing the 





Fig. 1—The stomach has been divided from the duodenum. The infradiaphragmatic length 
of the esophagus is increased by freeing it from the margins of the diaphragm by inserting the 
finger along the esophagus into the mediastinum. The esophagus at a point 18 inches (46 cm.) 
from the duodenojejunal juncture is fastened to the diaphragm behind the entrance of the 
esophagus by means of interrupted sutures. The illustrations for this article have been pre- 
viously published (Graham, R. R.: Technique for Total Gastrectomy, Surgery 8:257-264 
[Aug.] 1940.) 


posterior wall of the esophagus. Interrupted silk sutures of the Halsted type unite 
the posterior wall of the esophagus to the anterior wall of the jejunum. (fig. 34), 
forming the outside posterior row of anastomotic sutures. The esophagus is now 
opened. Before it is opened, however, one precaution must be taken. The Levine 
tube is withdrawn into the esophagus to a point just proximal to the proposed 
site of division. Continuous suction is then maintained through the Levine tube 
while the esophagus is being opened. This prevents the escape of oral and eso- 
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phageal secretions, which obviously are not sterile and which otherwise would 
flood the site of the anastomosis. A Wertheim right angle clamp is then placed 
across the stomach at the entrance of the esophagus to prevent any spilling of 
gastric contents (fig. 2). The jejunum is opened transversely so that a stoma of 
the same diameter as the esophagus is made. The end to side anastomosis is 
then completed by suturing the mucous membrane of the esophagus to the mucous 
membrane of the jejunum (fig. 3B). When the posterior layer of the anastomosis 
is completed, the stomach is amputated. The Levine tube is then passed down 
into the distal limb of the jejunum well beyond the level of the esophagoduodenal 
anastomosis (fig. 44.) The anterior suture line is then completed in the usual 
manner, making a satisfactory end to side stoma between the lower cut end of 
the esophagus and the anterior wall of the distal limb of the jejunum. While 
the stomach may be amputated from the esophagus in an earlier phase of the 
procedure, I have found it an advantage, particularly if there is a short sub- 
diaphragmatic esophagus, to utilize the stomach as a means of downward traction. 





Fig. 2—The infradiaphragmatic portion of the esophagus is placed on the anterior surface 
of the distal limb of the jejunum and fastened there by means of interrupted silk sutures. 
The esophagus is kept free from accumulated secretions by a Levine tube attached to suction 
apparatus. 


In order to reenforce the line of anastomosis and to surround it with a peritoneal 
covering, the proximal jejunal loop is then rolled laterally across the esophagus 
and sutured to the left lateral margin of the distal limb of the jejunum (fig. 4 B). 
This completely surrounds the infradiaphragmatic portion of the esophagus 
with*the jejunal loops and very firmly covers and supports the anastomosis. This 
maneuver completely obstructs the proximal jejunal loop, and therefore an entero- 
entcrostomy must be carried out between the proximal and the distal jejunal loop 
(fig. 4B). When the distal limb of the jejunum is opened during the performance 
of this anastomosis,® the Levine tube is grasped and passed well down into the 


distal limb of the jejunum 12 to 18 inches (33 to 46 cm.) distal to the entero- 
———— ff 

6. Graham, in Bancroft, F. W.: Operative Surgery Including Anesthesia, Pre- and Post- 
operative Treatment, New York, D. Appleton-Century Company, Inc., 1941, sect. 10, p. 589. 
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enterostomy fistula, so that through it nourishment may be delivered directly 
into the jejunum, obviating the necessity of a jejunostomy. The abdomen then 
is closed with interrupted figure-of-eight sutures of stainless steel wire, as advo- 
cated by Jones.? I have found it advantageous to place a stitch in the patient’s 
cheek and tie the Levine tube with this stitch, so that during the immediate post- 
operative restless period the patient will not inadvertently withdraw the Levine tube. 

While one can carry out this technic with either catgut or silk, I have been 
impressed with the freedom from trauma to the tissues and untoward reactions 
which accompanies the use of silk sutures to such an extent that I use them in 
preference to catgut. 

It is important to carry into the postoperative period:the same meticulous care 
in maintaining an adequate biochemical nutritive balance as was observed in the 





Fig. 3.—A, if the infradiaphragmatic portion of the esophagus is unduly short, it is advan- 
tageous to leave the stomach attached to the esophagus while interrupted sutures unite the 
posterior wall of the esophagus to the anterior wall of the distal limb of the jejunum. 
The two lateral sutures are held in hemostats and act as stay sutures while the esophago- 
jejunal anastomosis is completed. 8, the stomach is cut away and the mucous membranes of 
the stomach and jejunum are being united. 


preoperative preparation. While one can administer intravenously sufficient fluid, 
sodium chloride, protein and carbohydrate to maintain an adequate balance, | 
have at the end of twenty-four hours dripped through the Levine tube a 10 per 
cent solution of dextrose in distilled water, at the rate of 125 cc. an hour. At 
the end of fourty-eight hours I begin through the Levine tube the type of feeding 
and management which I have advocated in the treatment of gastric ulcers.* 





7. Jones, T.: Use of Alloy Steel Wire in Closure of Abdominal Wounds, Surg., Gynec 
& Obst. 72:1056-1059 (June) 1941. 
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My experience in total gastrectomy has been confined to 21 cases. In this 
group I have had an almost forbidding primary mortality. However, in the last 
7 cases I have carried out the procedure suggested, and in only 1 has there been 
a leak at the site of the anastomosis. This was due to an obstruction of the small 
intestine at the site of a jejunostomy. This obstruction so dilated the proximal 
jejunum as to put an undue strain on the suture line, with resulting necrosis, 
leakage and fatal general peritonitis. This unfortunate experience has led me to 
abandon the Weitzel type of jejunostomy. I use now when necessary the technical 
procedure described by Clute * and have found it very satisfactory. That it is 
justifiable to strive tenaciously for the extirpation of gastric carcinoma capable of 
removal, even if total gastrectomy is necessary, is supported by the fact that among 
the 21 cases in my series there were 7 in which the disease was confined solely to 
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Fig. 4—A, when the sutures through the posterior layer of mucous membrane are com- 
pleted, the Levine tube is passed down farther into the distal jejunum well past the esophago- 
jejunal anastomosis, and the anterior layers of the anastomosis are completed. B, the proximal 
jejunum is then folded over the front of the esophagus and the esophagojejunal anastomosis 
and united to the lateral margin of the distal limb of the jejunum. By this maneuver the 
esophagus and the esophagojejunal anastomosis are completely encircled by the jejunal loops. 
This contact of peritoneum to peritoneum ensures healing to a greater degree than the contact 
of the bare esophagus to the jejunum. This maneuver completely obstructs the proximal 
jejunal loop and makes an enteroanastomosis necessary. During the anastomosis the Levine 


tube is passed farther down into the distal jejunum to make possible direct jejunal feeding 
early in the patient’s convalescence. 


the stomach. That is, in 33 per cent, or one third, of the cases which demand total 


gastrectomy there has been an absence of metastasis even to the regional lymph 
glands 
g ; 


8. Clute, H.: Jejunostomy, Ann. Surg. 114:462-471 (Sept.) 1941. 
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Much debate has centered around the wisdom of a coincident removal of the 
spleen. There is no doubt that this procedure makes the operation of total gas- 
trectomy technically easier. However, one must not lose sight of the fact that 
there is a definite change in the concentration of blood platelets after splenectomy. 
In 1 of my cases a cerebral thrombosis developed on the tenth postoperative 
day. This resulted fatally, and autopsy revealed no intraperitoneal lesion which 
could have contributed to the patient’s death. I am wondering to what extent 
the splenectomy was a contributing factor. Thus while I cannot condemn the 
removal of the spleen, I hesitate to perform splenectomy unless it greatly decreases 
the difficulty of the operative procedure. 

When patients have been operated on in the presence of serious nutritional 
disturbances, there is a higher incidence of imperfect wound healing and wound 
disruption than under other circumstances. For this reason I have adopted the 
method of wire closure of the abdominal wall with figure-of-eight stainless steel 
sutures, as described by Jones,’ and they have proved to be most satisfactory. 
As I have gradually increased the application of this type of wound closure for 
the undernourished and bad risk patient, I have become more enthusiastic with the 
procedure. I have found that if one places all the sutures before tying any, 
the incidence of breakage of the steel sutures when they are being tied can be 
decreased to the minimum. The freedom from irritation to the wound and the 
fact that it will heal without a sinus even in the presence of a moderately severe 
infection have been surprising and delightful. 


SUMMARY AND CONCLUSIONS 


A technical operative procedure is presented which it is hoped will result in a 
lower primary mortality from total gastrectomy. 

Seven of 21 patients on whom total gastrectomy was carried out showed freedom 
from metastasis in the regional lymph glands. 

The correction of nutritional disturbances during the preoperative and the 
postoperative period contributes greatly to the safety of this procedure. 

Survival after total gastrectomy is compatible with happiness, negligible dietetic 
restrictions and freedom from gastrointestinal distress. 

It is suggested that one is justified in tenaciously clinging to the philosophy 
that gastric carcinoma should be removed, even though total gastrectomy may be 
necessary. 


170 St. George Street. 
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TRANSTHORACIC RESECTION FOR CANCER OF THE 
CARDIAC END OF THE STOMACH 


DALLAS B. PHEMISTER, M.D. 


CHICAGO 


Cancer involving the cardiac end of the stomach may be primary in that loca- 
tion, or it may be secondary by extension from either the cardia of the esophagus 
above or the body of the stomach below. From a pathologic standpoint there is 
no fundamental difference between such a tumor and those arising in other portions 
of the stomach or esophagus. A tumor arising in the cardiac portion of the 
stomach most frequently begins along the lesser curvature, but it may begin in 
the fundus either anterior or posterior to the gastrophrenic attachment. The 
former type is readily detected by roentenography and gastroscopy, but the latter 
may be easily overlooked. The tumor may grow until it is of considerable size before 
reaching the esophagus, but often it begins to encroach on its outlet relatively early 
and eventually may infiltrate as much as 2 or 3 cm. of its lower end. If a gastric 
cancer begins distally and grows into the cardiac end, it usually reaches considerable 
size before producing obstructive symptoms, and the diagnosis may be correspond- 
ingly delayed. Cancer of the cardiac or infradiaphragmatic portion of the 
esophagus, in addition to invading the wall and narrowing the lumen, usually 
extends to or invades the cardiac portion of the stomach. As in one of the cases 
to be reported, the amount of tumor in the stomach may be about as large as 
that in the esophagus. In some cases the overlap of cardiac esophageal cancer 
on the stomach or of cardiac gastric cancer on the esophagus makes it difficult to 
determine from clinical, roentgenologic and even gross pathologic examination 
which structure is the primary seat of the lesion. The decision is made only by 
microscopic examination of tissue obtained for biopsy or during resection or 
necropsy, which reveals whether it is squamous cell or columnar cell cancer. 

Regional extension of carcinoma of the gastric cardia may be by way of the 
lymphatics or by direct invasion of the adjacent tissues. Metastases to lymph 
nodes are most frequently encountered along the upper half of the lesser curvature. 
and retroperitoneal nodes may be involved, especially if there are retrogastric 
adhesions. Carcinomatous invasion of the adjacent tissues is most often seen 
when the tumor is in the posterior wall, in which case there may be tumor 
nodules disseminated over the peritoneum of the lesser peritoneal cavity or 
adhesions to and infiltration of the retroperitoneal tissues, including the tail of the 
pancreas. The spleen or the end of the left lobe of the liver may be fused with 
the tumor, and when the fundus is involved there may be adhesions to the dia- 
phragm. Nodules are sometimes seen on the upper side of the diaphragm after 
the chest has been opened. The diaphragm may also be invaded at the esophageal 
hiatus. The finding at transthoracic operation of fluid in the chest or beneath the 
diaphragm either in the greater or in the lesser peritoneal cavity is nearly always a 
contraindication to resection of the tumor. Metastases in the liver and through- 
out the general peritoneal cavity are similar in frequency to metastases from other 
gastric cancers. 

Primary cancer of the cardia of the esophagus produces metastases to the 
lymph nodes along the lesser curvature of the stomach with as great regularity 


From the Department of Surgery of the University of Chicago. 
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as does primary cancer of the cardiac portion of the stomach, since the normal 
drainage is to those nodes. In addition, it more frequently makes metastases 
along the posterior mediastinum and in the pleura and the lungs, especially in the 
advanced stages. It may be directly fused with the diaphragm at the hiatus, but 
within the abdomen it produces peritoneal nodules and adhesions and metastases 
in the viscera with less frequency than does primary cancer of the cardiac portion 
of the stomach. Narrowing of the cardia is of great diagnostic importance, since 
the resultant difficulty in swallowing is usually the first symptom of cancer of the 
cardiac end of the esophagus and is a common symptom at some stage of cancer 
of the cardiac end of the stomach. 

Meritorious operations for cancer involving the cardiac end of the stomach 
are developments of comparatively recent date. They have been performed both 
by the abdominal and by the thoracic route. 

Resection by the abdominal route was carried out with success in advance of 
that by the thoracic route and in cases in which there is slight or no obstruction 
of the terminal portion of the esophagus the procedure has become more or less 
routine in many of the leading surgical clinics. It consists of total gastrectomy 
and esophagojejunostomy. As examples of the extent to which it is employed 
and of the success attained with cancer either primarily or secondarily involving 
the cardiac region of the stomach, Lahey and Marshall' have reported 33 total 
gastrectomies with 9 deaths, and Coller and Farris,? 27 operations with 5 deaths. 

The drawback to gastrectomy by the abdominal route is in the cases in which 
the esophagus is involved to such an extent that adequate resection cannot be done 
without interfering with the performance of anastomosis with the esophagus 
below the diaphragm. Also in cases of cancer confined to the cardia, the entire 
stomach is sacrificed, no one seeming inclined to resect the involved portion and 
anastomose the remaining portion of stomach to the esophagus. The first to lessen 
these difficulties was Ohsawa,* who performed what he styled a laparotomy and 
semithoracotomy. The abdomen was first opened through an upper midline incision. 
If the lesion appeared to be operable, a second incision was extended to the left 
and upward from this over the course of the eighth rib to the angle of the scapula. 
About 3 cm. of the anterior ends of the seventh, eighth and ninth ribs was resected, 
and the ninth intercostal space was incised for a length of 5 cm. This was done 
extrapleurally if possible. but if the pleura was injured no attention was paid to 
it. The costosternal border was divided, the costosternal arch thus being broken 
down (Marwedel’s mobilization). The costal arch flap was then retracted upward. 
The suspensory ligament of the left lobe of the liver was cut and the lobe retracted. 
The esophagus was separated from the diaphragm, and with this retraction it 
was possible to expose the esophagus in some cases for a length of 10 cm. This 
permitted resection of stomach and an adequate amount of esophagus, with room 
for anastomosis. In his report, Ohsawa did not distinguish the carcinomas of the 
cardiac end of the stomach from those of the terminal portion of the esophagus, but 
with some of the growths, whether gastric or esophageal, this exposure was found 
to be inadequate, so that he opened the chest by incising the diaphragm from the 
front back to the esophageal hiatus. After this procedure the anastomosis could 
be accomplished. 


Altogether 18 patients with tumors of the lower portion of the esophagus,’ 


including the esophageal cardia, and 20 patients with tumors of the stomach which 


1. Lahey, F. H., and Marshall, S. F.: Combining Splenectomy with Total Gastrectomy, 
Surg., Gynec. & Obst. 73:341, 1941. 


2. Coller, F., and Farris, M. J.: Total Gastrectomy, Surgery 13:823, 1943. 
3. Ohsawa, T.: Surgery of the Esophagus, Arch. f. jap. Chir. 10:605, 1933. 
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involved the cardiac portion were operated on. The 18 tumors of the lower 
portion of the esophagus and of the cardia were treated by resection and esophago- 
gastrostomy, with 8 recoveries. The 20 tumors of the stomach were treated by 
total gastrectomy and esophagojejunostomy, with 12 recoveries. Despite Ohsawa’s 
failure to divide operations into those performed by what he designated as the 
semithoracotomic-transabdominal technic or the free thoracolaparotomic technic, 
it is evident that in some of the successful operations the diaphragm was opened 
from front to back. Hence he deserves credit for the first successful one stage 
resection and esophagogastrostomy and total gastrectomy and esophagoduoden- 
ostomy by means of a combined laparotomy and thoracotomy. This was a decided 
step forward in the development of resection and anastomosis as the method of 
treatment of cancers of the cardiac portion of the stomach and the esophagus. 

Various two stage operations have been done in which the abdomen was opened 
and the involved portion of stomach mobilized and in some cases divided. After 
this the chest has been opened, either during the same operation or subsequently, 
and resection and anastomosis carried out. These procedures are now of little 
more than historical interest. Marshall in 1938 reported a successful two stage 
operation for carcinoma of the terminal portion of the esophagus in which he 
opened the abdomen, mobilized the stomach proximally and displaced it through 
the enlarged diaphragmatic hiatus into the chest. At the second stage, several 
days later. the chest was opened, the tumor resected and an esonhavogastrostomy 
performed. This procedure is now sometimes performed in one stage. 


ONE STAGE TRANSTHORACIC RESECTION AND ESOPHAGOGASTRIC ANASTOMOSIS 


Transthoracic resection was performed by Ohsawa in 3 cases. First the chest 
and then the diaphragm was opened; the lower portion of the esophagus and the 
proximal portion of the stomach were mobilized; the tumor was resected, and the 
esophagus and the remaining portion of the stomach were anastomosed by suture. 
\ll 3 patients died. In 2 cases Sauerbruch’s invagination operation was per- 
formed, and 1 of the patients survived. Ohsawa designated this procedure as 
unreliable because of the danger of perforation produced by the proximal and 
distal crushings and uncertainty of thereby interrupting the blood supply to the 
invaginated tumor. 

As far as has been determined, the first successful one stage transthoracic 
resection and anastomosis of the esophagus and stomach was reported by Adams 
and Phemister * in 1938. It was performed Jan. 26, 1938 on a 53 year old woman 
for a primary carcinoma in the cardiac end of the esophagus with slight secondary 
invasion of the adjacent stomach and metastases in the lymph nodes alongside 
the upper portion of the lesser curvature. Approximately 3 inches (8 cm.) of 
the esophagus and 1 to 2 inches (2.5 to 6 cm.) of the stomach were resected. The 
stomach end was closed and the end of the esophagus anastomosed by suture to 
the anterior wall of the stomach—on the basis of previous experimental anastomotic 
studies by Adams, Escudero, Aronsohn and Shaw.® A catheter gastrostomy was 
performed, a procedure which has since been discontinued. The patient has since 
remained free from signs of recurrence, and figure 1 shows the roentgenographic 
appearance five years and three days after the operation. She is active and has 


4. Adams, W. E., and Phemister, D. B.: Carcinoma of the Lower Thoracic Esophagus: 
Report of a Successful Resection and Esophagogastrostomy, J. Thoracic Surg. 7:621, 1938. 
5. Adams, W. E.; Escudero, L.; Aronsohn, H. G., and Shaw, M. M.: Resection of the 
Thoracic Esophagus, J. Thoracic Surg. 7:605, 1938. 
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remained well aside from the fact that she sometimes suffers from nausea at night 
and must eat more slowly than before. A portion of the fundus has dropped 
tam-o’-shanter-like to the rear and left of the free anastomosis, as is shown in the 
roentgenogram, and the occurrence of nausea may be related to stagnation within 
it. There is no regurgitation during recumbency. Peristalsis is visible roentgeno- 
scopically only in the pyloric region. 

Ochsner and De Bakey °® performed the first successful transthoracic resection 
and anastomosis of a carcinoma of the cardiac end of the stomach Sept. 22, 1938. 
Several reports (Garlock,’ Churchill and Sweet,* Carter, Stevenson and Abbott,° 




















Fig. 1 (case 6).—Roentgenogram taken five years after transthoracic resection of the lower 
part of the esophagus and the proximal portion of the stomach and esophagogastrostomy for 
carcinoma primary in the cardiac end of the esophagus. 


6. Ochsner, A., and De Bakey, M.: Surgical Aspects of Carcinoma of the Esophagus, J. 
Thoracic Surg. 10:401, 1941. 

7. Garlock, J. H.: The Problem of Carcinoma of the Cardiac End of the Stomach, Surg., 
Gynec. & Obst. 73:244, 1941. 

8. Churchill, E. D., and Sweet, R. H.: Transthoracic Resection of Tumors of the Stomach 
and Esophagus, Ann. Surg. 115:897, 1942; 116:566, 1942. 

9. Carter, B. N.; Stevenson, J., and Abbott, A. O.: Transpleural Esophagogastrostomy 
for Carcinoma of the Esophagus and Cardiac Portion of Stomach, Surgery 8:587, 1940. 
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Jonas,’ Walters,‘ Wu and Loucks,’? W. E. Adams,’* Phemister,’* Stephens,’® 
Brock **) have recently appeared of resections and anastomoses for both terminal 
esophageal and proximal gastric cancer, and the procedure is beginning to be 
extensively employed.. The results have been variable, and some of these reports 
consist of data on 1 or 2 successful operations. No doubt many unsuccessful and 
successful operations have not been reported by others. In the hands of the more 
experienced operators the results have compared favorably with those of partial 
and total gastrectomies performed by the abdominal route. Many cases are 
included in which resection and anastomosis could not have been performed by 
that route except by also opening the chest after the method of Ohsawa. 

The report of Churchill and Sweet ® is the most outstanding, since it presents 
the largest published series of cases with the lowest operative mortality and con- 
tributes many valuable points to various aspects of the field. They had 13 cases 
of transthoracic resection and anastomosis. In 8 cases the cancer was primary in 
the cardiac end of the stomach and resection and anastomosis of the end of the 
esophagus into the anterior wall of the stomach resulted in 1 operative death. 
In 3 cases a similar procedure was done for a tumor primary in the lower part 
of the esophagus, and all the patients survived the operation. In 2 cases a total 
gastrectomy with esophagojejunostomy was done, and both patients died. Of the 
10 patients surviving operation, 2 died of recurrence and the remainder were well 
and free of symptoms from three months to two and a half years after operation. 

Garlock in a recent personal communication stated that he had operated on 51 
patients with carcinoma of the cardiac end of the stomach. Twenty-two of the 
tumors were operable and were resected transthoracically with intrathoracic 
esophagogastrostomy ; there were 9 postoperative deaths. Of the 13 survivors, 4 
died of recurrence in from seven to thirteen months and 9 were alive and well for 
periods of one month to two and a half years after operation. 

While the surgical treatment of cancer of this region is still in the developmental 
stage, it is safe to state that transthoracic resection is the operation of choice when 
there is obstruction of the esophageal outlet, whether the tumor is primary in the 
stomach or in the esophagus. But in view of the favorable results that are being 
obtained with total gastrectomy by the abdominal route, there is a question as to 
whether the abdominal or the transthoracic route should be employed for cancer 
of the cardiac end of the stomach which does not obstruct the esophagus. Further 
experience will be necessary in order to settle the point. 


PREOPERATIVE MANAGEMENT 


Since most patients with cancer of the cardiac end of the stomach are first seen 
in a reduced state of nutrition, it is necessary that they receive appropriate pre- 


10. Jonas, A. F.: Transpleural Esophagogastrostomy: Report of a Successful Case, Arch. 
Surg. 44:556 (March) 1942. 

11. Walters, W.: Transthoracic Resection of Stomach and Esophagus for Carcinoma, Proc. 
Staff Meet., Mayo Clin. 17:241, 1942. 

12. Wu, Y. K., and Loucks, H. H.: Resection of the Esophagus for Carcinoma, J. Thoracic 
Surg. 11:516, 1942. 

13. Adams, W. E.: Recent Progress in the Surgical Treatment of Carcinoma of the 
Esophagus, Surg., Gynec. & Obst. 72:312, 1941. 
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operative management. Rarely should an attempt be made to restore the lost 
weight by jejunostomy feeding, since the gain is offset by the valuable time lost. By 
far the most important step is the treatment of the anemia which is usually present 
by the transfusion of adequate amounts of blood. A high caloric diet should be 
given during this period. Intravenous injections of saline and dextrose solutions 
may also be indicated if the patient is dehydrated. Therapy with sulfonamide 
compounds has been started preoperatively by some and not by others, and there 
is insufficient evidence from which to draw conclusions as to its value. 
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Fig. 2—Thoracotomy and exposure of field of operation. 


OPERATIVE TECHNIC 

If the transthoracic approach is decided on, a preliminary exploratory laparot- 
omy for the determination of operability is rarely employed. Exploration can be 
carried out as well through a thoracic as through an abdominal incision, and 
in some cases better, and although the operation is longer the patients whose cancers 
have proved to be inoperable have tolerated it relatively well. Also gastrostomy 
or jejunostomy as a palliative measure for an inoperable growth yields altogether 
such poor results that it is rarely advised. 
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My routine is to employ ethylene anesthesia with the maintenance of a positive 
pressure of 4 to 6 mm. of mercury by means of the face mask. A small amount of 
ether may be added to the gas mixture in order to permit reduction of the con- 
centration of ethylene and increase in the oxygen concentration to around 20 per 
cent. Cyclopropane and oxygen and ether given with and without the intratracheal 
catheter have been used by others with satisfaction. Intravenous administration of 
physiologic solution of sodium chloride is started at the beginning, and from 600 
to 1,200 cc. of blood is usually administered in the course of the operation. 

The patient lies on the right side. The left arm is held vertically with the fore- 
arm flexed at a right angle and attached to an overhead rectangular frame across the 
table, which also supports the drapes. The left side of the chest, the left flank and 
the left side of the abdomen to well past the midline are painted with iodine and 
the field draped. An oblique incision is made over the eighth rib from the costo- 
chondral junction to the angle posteriorly and the skin surfaces walled off with 
towels. The overlying fibers of the latissimus dorsi, serratus anterior and trapezius 
muscles are then incised and the eighth rib exposed (fig. 2). The longitudinally 

















Fig. 3.—Hemidiaphragm-shaped lung retractor. A variation suitable in some cases has a 
urved portion excised at the anterior end of the mesial border (X) to avoid pressure on the 
eart. 


‘oursing iliocostal muscles are freed and retracted mesially, exposing the angle of 
the rib. The periosteum is then incised and stripped and the rib resected from its 
junction with the cartilage to beyond the angle. Churchill and Sweet resect the 
ninth rib instead. The pleura is opened, the margins of the incision covered with 
laparotomy pads and an automatic rib retractor introduced. Adhesions between 
parietal and visceral pleural surfaces may first require division. The ligament 
attaching the lower lobe of the lung to the mediastinum is then divided. The 
esophagus, mediastinum and lung are examined for the presence of tumor. In 
some cases the diaphragm has been found infiltrated with tumor, a contraindication 
to any further attempt at resection. If no evidence of intrathoracic involvement, 
except of the terminal portion of the esophagus, is found, the lung is then held 
upward by a malleable retractor, the blade of which is shaped roughly to fit a cross 
section of the chest at this level (figs. 2 and 3). The retractor is covered with 
stockinet or with a stocking, the foot being fitted over the blade; it usually main- 
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tains lung retraction so well that further adjustment during the operation is 
unnecessary. The phrenic nerve is then pinched with a hemostat until the left half 
of the diaphragm is paralyzed. The diaphragm is then opened widely by means of 
an incision beginning near its attachment to the chest wall anterolaterally and 
directed toward the hiatus of the esophagus. As the hiatus is approached, branches 
ot the left phrenic artery are encountered, which are clamped and tied. The 
stomach and terminal portion of the esophagus are then explored, and the extent 
of involvement by tumor is determined. The lymph nodes of the lesser curvature 
are examined for metastases. The lesser peritoneal cavity is opened by division of 
the attachment of the fundus to the diaphragm and its peritoneal lining and the 
retroperitoneal tissues explored for the presence of adhesions and metastases. The 





Fig. 4.—Exposure of resection. 


hand is introduced into the abdomen, and a general exploration for spread of 
cancer is easily carried out. In some cases it is possible to judge better about 
operability of the lesion high in the abdomen by this approach than by an abdominal 
one. 

If the lesion is found to be operable, the diaphragm is then opened to the 
esophagus. The mediastinal pleura is incised and reflected from the esophagus for 
a distance usually of 3 or 4 inches (8 or 10 cm.) upward, the esophagus is separated 
all around and a piece of umbilical tape passed about it. The separation from the 
diaphragm is then completed. The fundus and greater curvature are then ligated 
off. In the majority of cases it is preferable to remove the spleen, as the stomach 
then becomes more accessible. 

If the spleen is found adherent to the stomach, the two structures should be 
taken out together. In 1 case the tail of the pancreas was also adherent and had to 
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be resected. If the lesser peritoneal cavity is obliterated above the level of the 
pancreas from extension and adhesions of the tumor posteriorly, the posterior 
parietal peritoneum should be dissected off and removed with the stomach, down to 
the pancreas. This is more easily done by the thoracic than by the abdominal 
approach. Division of the gastrohepatic omentum with removal of the lymph nodes 
of the lesser curvature and isolation and division of the left gastric artery are usually 
rendered easier if the greater curvature has first been freed. The freeing of the 
curvatures is carried well below the level of involvement when the cancer is primary 
in the cardiac end of the stomach ; when the cardiac end of the esophagus is primarily 
involved the left gastric artery is always divided and ligated regardless of whether or 
not the stomach has been invaded, since satisfactory resection and esophagogas- 
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Fig. 5.—Technic of anastomosis. 


trostomy are not otherwise possible. In 1 case of esophageal cardiac carcinoma, the 
tip of the left lobe of the liver was adherent and was resected. The tumor had 
extended posteriorly to the right of the aorta, and in liberating it a vessel that was 
thought to be thoracic duct was divided and tied. 

The esophagus and stomach are then pulled forward in the chest and the 
resection commenced (fig. 4). An intestinal clamp is applied distally and a Payer 
crushing clamp proximally, and after walling off the stomach is divided just beyond 
it. A sucker is in readiness if fluid content is encountered. A gauze covering is tied 
over the proximal end with a heavy silk ligature. The distal end is then closed with 
linen, silk or cotton sutures, according to individual preference. The umbilical 
tape about the esophagus is shifted to a point about 134 inches (4 cm.) above the 
level of division and tied twice, the second tie being a slip knot. An intestinal 
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clamp is used instead by most authors. The stump of stomach is then brought up 
into the chest to determine whether or not anastomosis may be made without undue 
tension. This is usually possible if one fourth or more of the stomach is left. If 
difficulty is experienced in approximation, it may be overcome by mobilization of 
the duodenum following the Kocher technic of incising the peritoneum along its 
right margin. The procedure was successful in 1 of the cases of this series. 

A clamp is applied across the stomach to prevent leakage, and the field is walled 
off. In my cases, the anastomosis has been made between an opening in the anterior 
wall of the stomach % to 1 inch (2 to 2.5 cm.) away from the closed proximal end. 
An inner row of interrupted through and through and an outer row of interrupted 
Lembert sutures of fine linen are used (fig. 5). Mattress sutures have recently 
been used in 3 cases. The esophagus may be divided first, or the posterior row of 
Lembert sutures may be placed before division. The knots of the inner row are 


Pleura replaced over esophagus 
—and anastomosis when possible 


Fig. 6.—Closure of diaphragm and suture of the mediastinal pleura over the esophagus and 
anastomosis. When pleura is not available, omentum may be used about the anastomosis. 


placed within the lumen. The sucker is usually introduced into the stomach 
immediately on incising the wall. In 1 case in which this was not done, there was 
soiling and subsequently infection and leakage of the anastomosis, with a fatal 
termination. 

In case of inability to approximate satisfactorily the remaining portions of the 
stomach and esophagus, anastomosis between a loop of jejunum and the esophagus 
should be made. In a case of very extensive gastric resection transthoracically, 
Dr. Lester Dragstedt recently anastomosed the open end of the antrum with the 
esophagus with success. 
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If there is any degree of tension on the anastomosis, it may be relieved by stitch- 
ing the stomach to the posterior mediastinal tissue or pleura above. However, when 
there is no tension this is not necessary. The mediastinal pleura is then sutured over 
the esophagus, and in most cases it can be made to cover the anastomosis, as 
shown in figure 6. If this cannot be done, the anastomosis may be surrounded 
by a fold of omentum sutured about it on either side, as advocated by Churchill and 
Sweet * as a routine procedure. These authors employ a different technic of 
anastomosis from the one here described which has given excellent results. Mucosa 
is sutured to mucosa with mattress sutures of silk, and an outer layer of the same 
sutures is inserted in the muscular layers of the esophagus and the muscular and 
peritoneal layers of the stomach. In 4 of my cases sulfathiazole was implanted 
about the anastomosis, with 3 survivals. 

A mushroom catheter is inserted posterolaterally through the ninth interspace 
for pleural drainage, and the chest opening is sutured tightly. The remaining air 
is then sucked out of the chest and the catheter clamped until it has been attached 
with the tube for underwater suction drainage in the patient’s room. Some authors, 
including Churchill and Sweet, have dispensed with drainage of the chest. 

Postoperatively, the patient is placed in an oxygen tent for two to several days, 
depending on the course. If the progress is favorable, oxygen may be given by 
nasal catheter after two or three days. Sulfathiazole has been given postoper- 
atively to 6 patients, 3 of whom died. There has been no instance of shock post- 
operatively. The absence of shock is attributable to the fact that any loss of blood 
during operation was compensated for by simultaneous blood transfusion. Any 
sign of peripheral circulatory embarrassment or anemia dev eloping postoperativ ely 
was promptly treated by blood or plasma transfusion. 


CLINICAL EXPERIENCES 

In all, 10 patients with carcinoma of the cardiac region, 7 with a tumor primary 
in the gastric cardia and obstructing the esophagus and 3 with the primary lesion in 
the esophageal cardia with extension to the adjacent portion of the stomach, have 
been treated by transthoracic resection and esophagogastrostomy. Patients having 
resection and anastomosis with carcinomas located higher in the esophagus are 
excluded. There were 4 postoperative deaths. One patient with esophageal 
cancer died of auricular flutter and beginning pneumonia on the fourth day, and 
1 with gastric cancer and another with esophageal cancer died of regional infection 
and leakage of the anastomosis on the seventh day. A third patient, with gastric 
cancer, made an immediate recovery from the operation and went home after three 
weeks. He returned six weeks after operation with a cough and low grade fever, 
and on examination he was found to have a small collection of pus about the 
anastomotic site. It was drained and after improvement he again went home; 
he soon returned, however with a fistulous communication with the greater 
curvature end of the resected stomach, a regional pulmonary abscess and a 
retroperitoneal abscess which migrated downward to the right inguinal region. 
Although the abscesses were drained, he died three and one-half months after 
the original operation. The first patient with cancer of the esophageal cardia 
who survived the operation was mentioned earlier in this paper as being free from 
signs of recurrence at the time of writing over five years after operation. Of the 5 
patients with primary gastric cancer who survived the operation, 1 was found 
dead in the bathroom three months after operation and the cause of death was not 
learned ; 1 died of recurrence one and one-half years after operation; 1 is alive and 
apparently free from recurrence one year and eight months after operation; 1 is 
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well two months after operation and 1 was operated on only one month prior 
to the time of writing. In addition, 5 patients have been subjected to transthoracic 
exploration and 3 to abdominal exploration, and all proved to have inoperable cancer. 
All recovered from the operation except 1 patient subjected to transthoracic 
exploration, who died on the sixth day, of pulmonary embolism. 


REPORT OF CASES 
Cancers Primary in the Cardiac End of the Stomach with Esophageal Obstruction. 


Case 1—A man aged 46 years complained of gradually increasing difficulty and pain on 
swallowing and loss of 25 pounds (11.3 Kg.) over a period of thirteen months. Roentgeno- 
logically there were narrowing of the esophageal cardia and a large filling defect in the 











Fig. 7 (case 3).—Carcinoma of the cardiac end of the stomach. 


proximal third of the stomach. At operation a large carcinoma of the proximal half of 
the stomach obstructing the end of the esophagus was found. The spleen and the tail of the 
pancreas were adherent to the gastric tumor. The proximal two thirds of the stomach, the 
distal 1% inches (4.5 cm.) of the esophagus, the spleen and the tail of the pancreas were 
removed in one mass by transthoracic and transdiaphragmatic resection, and esophagogas- 
trostomy was done. Recovery was uneventful. Microscopic examination of the resected tissue 
revealed scirrhous carcinoma of the stomach with metastases to the lymph nodes of the lesser 
curvature. Symptoms of recurrence appeared after ten months, and after eighteen months the 
patient died. 


Case 2.—A man aged 62 years complained of loss of 35 pounds (16 Kg.) and “stomach 
trouble” for nine months and difficulty in swallowing for four months. Roentgenologically 
there were narrowing of the esophageal outlet and evidence of a polypoid mass in the fundus 
and the cardiac end of the stomach. At operation it was found that the tumor involved the 
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lesser curvature and the posterior wall of the stomach and the end of the esophagus. There 
were no metastases to lymph nodes. The spleen was adherent to the tumor. Transthoracic 
resection of the proximal two thirds of the stomach and 1 to 1% inches (2.5 to 4 cm.) of 
esophagus, splenectomy and esophagogastrostomy were done. There was soiling from the 
stomach during the performance of the anastomosis. Microscopic examination revealed adeno- 
carcinoma. The patient died in seven days from leakage of anastomosis and empyema of the 
left side of the chest. 


Case 3—A man aged 56 years had lost 15 pounds (7 Kg.) in a year and had noticed 
fulness in the epigastrium after meals and increasing difficulty in swallowing for six months. 
Roentgenologic examination revealed narrowing of the terminal esophagus and a filling defect 
of the cardiac end of the stomach (fig. 7). Transthoracic and transdiaphragmatic exploration 
revealed a large tumor mass in the cardiac region and the posterior wall of the stomach with 
extension to the end of the stomach. There were metastases in the lymph nodes of the lesser 








Fig. 8 (case 3).—Appearance following resection and esophagogastrostomy. 


curvature. Partial gastrectomy from the middle of the greater curvature to the lower one 
third of the lesser curvature including lymph nodes, removal of the lower 2 inches (5 cm.) 
of the esophagus and esophagogastrostomy were done. Microscopic examination of the tumor 
proved it to be adenocarcinoma. Convalescence was uneventful except for a superficial infec- 
tion in the front end of the incision in the chest. The patient has remained free from signs 
of recurrence for one year and eight months and is active but somewhat undernourished. 
Figure 8 shows the postoperative roentgenologic appearance. 


Case 4.—A man aged 52 years had suffered from loss of appetite and epigastric distress 
for three months and from difficulty in swallowing for six weeks. He had lost 35 pounds 
(16 Kg.). Roentgenologic examination revealed narrowing of the terminal portion of the 
esophagus and a large, irregular filling defect of the proximal portion of the stomach extend- 
ing along the lesser curvature. Transthoracic exploration revealed a very large tumor at the 
cardia and extending along more than half of the lesser curvature, with metastases to lymph 
nodes and infiltration of the end of the esophagus. Splenectomy, resection of the proximal 
three fourths of stomach and 2 inches (5 cm.) of the esophagus, Kocher mobilization of the 
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duodenum and esophagogastrostomy were done. Omentum was sutured about the anastomosis. 
Sulfathiazole therapy was employed for six days. Convalescence was uneventful for three 
weeks, and the patient went home. A local empyema pocket, which communicated with the 
resected end of the stomach, was drained in six weeks. A pulmonary abscess and a retro- 
peritoneal abscess which dissected to the right inguinal region were also drained. After three 
and a half months the patient died. Perhaps too much of the greater curvature was saved, since 
there was a long narrow tube of stomach, the end of which became the seat of an abscess with 
latent leakage. 


Case 5.—A man aged 64 years lost 70 pounds (16 Kg.) in a few months. He suffered from 
difficulty in swallowing and pain in the epigastrium and the back for two months. Roent- 
genologic examination showed a large filling defect in the fundus of the stomach and a narrowing 
of the cardia. Transthoracic exploration revealed a hard tumor in the fundus and the cardia 
of the stomach and the intrathoracic portion of the esophagus. There were no metastases. 
Splenectomy, resection of the proximal two thirds of the stomach and 2% inches (6 cm.) 
of the esophagus and esophagogastrostomy were done. Microscopic examination of the tumor 
showed it to be adenocarcinoma of the stomach. Postoperative convalescence was uneventful, 
but the patient remained in a rather poor nutritional state. There were no obstructive symptoms. 
He was found dead in the bathroom three months later. The cause of death was not learned. 


Case 6—A man aged 82 years, weighing 205 pounds (93 Kg.) and well preserved, had 
increasing difficulty in swallowing for one month. Roentgen examination revealed irregular 
narrowing of the terminal portion of the esophagus and a filling defect in the proximal portion 
of the stomach. Transthoracic and transdiaphragmatic exploration revealed a large, hard mass 
in the terminal 14%4 inches (4 cm.) of the esophagus and the proximal end of the stomach with 
large metastases to the lymph nodes on the lesser curvature near the left gastric artery. At 
operation splenectomy, resection of the proximal third of the stomach, the enlarged lymph 
nodes and the terminal 3 inches of the esophagus and esophagogastrostomy were performed. 
Sulfathiazole was given preoperatively and postoperatively and was implanted about the 
anastomosis at operation. Microscopic examination revealed a columnar cell carcinoma of the 
stomach, secondarily involving the esophagus. Convalescence was uneventful. The patient left 
the hospital in three weeks and was free from gastroesophageal symptoms two months after 
operation. 


Case 7.—A man aged 51 years had increasing difficulty in swallowing over a period of seven 
months and pains in the left upper quadrant of the abdomen and lower part of the chest for three 
months associated with a loss of 20 pounds (9 Kg.) in weight. Roentgenologic examination 
revealed a definitely obstructive lesion of the lower end of the esophagus and a filling defect of 
the first part of the lesser curvature of the stomach. Transthoracic and transdiaphragmatic 
exploration revealed a hard nodular tumor of the proximal end of the stomach involving the 
terminal portion of the esophagus and several enlarged lymph nodes about the left gastric 
artery and retroperitoneally above the pancreas. At operation splenectomy, removal of the 
peritoneal walls of the lesser peritoneal cavity and resection of the proximal two thirds of 
the stomach, including the lesser curvature, of the lymph nodes and of the distal 2% inches 
(6 cm.) of the esophagus, followed by esophagogastrostomy, were performed. A small nodule 
palpated in the right lobe of the liver may have represented a metastasis. Sulfathiazole was 
implanted in the wound and administered postoperatively. Microscopic examination revealed 
adenocarcinoma. Convalescence was uneventful for five weeks after operation. 


Cancers in Cardiac Portion of Esophagus with Extension to Stomach. 


Case 8.—This patient was mentioned earlier in this article and has been previously reported 
on. A woman aged 53 years complained of difficulty in swallowing and weakness for three 
months. She had lost 10 pounds (4.5 Kg.). Roentgenologic examination revealed narrowing 
of all of the cardiac portion and about 1 inch (2.5 cm.) of the intrathoracic portion of the 
esophagus. Transthoracic and transdiaphragmatic exploration showed a firm tumor mass in 
the lower 3 inches (8 cm.) of the esophagus with slight extension into the stomach and metastases 
to the lymph nodes along the upper curvature. Resection of the proximal portion of the 
stomach and the terminal 4 inches (10 cm.) of the esophagus and esophagogastrostomy were 
carried out. A small catheter gastrostomy was also done. Convalescence was uneventful, and 
the patient was well and free from signs of recurrence five years postoperatively. 


Case 9—A man aged 67 years had noticed weakness and loss of 40 pounds (18 Kg.) 
during four months. He had suffered from difficulty and pain on swallowing for three and 
one-half months and from aching in the lower part of the back for four months. Roentgenologic 
examination revealed a filling defect in the cardiac region of the stomach and narrowing of 
about 1 inch (2.5 cm.) of the terminal portion of the esophagus. The diagnosis was carcinoma 
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of the cardiac end of the stomach with secondary involvement of the esophagus. Transthoracic 
and transabdominal exploration revealed a tumor in the proximal end of the stomach and the 
terminal 1% inches (4 cm.) of the esophagus adherent to the tip of the left lobe of the liver 
and invading tissues posteriorly at and just below the level of the diaphragm. Splenectomy, 
resection of the proximal half of the stomach, of the terminal three and one-half inches (9 cm.) 
of the esophagus and of the tip of the left lobe of the liver and esophagogastrostomy were done. 
During the liberation of the posterior extension of tumor what was thought to be the thoracic 
duct was resected and ligated. Sulfathiazole was administered postoperatively. Fibrillation 
developed and continued despite digitalization. The patient died on the’fifth day with beginning 
pneumonia. Microscopic examination of the tumor showed it to be squamous cell carcinoma, 
primary in the esophagus, with extensive involvement of the stomach. 


Case 10.—A man aged 62 years had been known to have diabetes for one year. He had had 
progressive difficulty in swallowing for fifteen months and had lost 50 pounds (23 Kg.) in 
weight. Roentgenologic examination revealed narrowing of the lumen of the terminal 2 to 3 
inches (5 to 8 cm.) of the esophagus. Esophagoscopic examination and biopsy showed squamous 
cell carcinoma. Transthoracic and transdiaphragmatic exploration revealed a hard tumor of 
the terminal thoracic and the intra-abdominal portion of the esophagus and of the cardiac 
portion of the stomach. There were extensive metastases along the lesser curvature and 
retroperitoneally, with retrogastric adhesions. At operation splenectomy, resection of the 
proximal three fifths of the stomach, the adherent lymph nodes and posterior portion of the 
peritoneum and the terminal 3% inches (9 cm.) of the esophagus, followed by esophago- 
gastrostomy, were performed. The anastomosis was on tension, for relief of which the stomach 
was sutured to the pleura above. Symptoms of mediastinitis and of pleurisy on the right side 
developed on the fifth postoperative day and on the seventh day the patient died. Autopsy 
revealed leakage of the anastomosis. 


950 East Fifty-Ninth Street. 





TRANSTHORACIC SUBTOTAL GASTRECTOMY AND 
ESOPHAGECTOMY FOR CANCER 


REPORT OF A _ CASE 


GEORGE T. PACK, M.D. 
AND 
WILLIAM L. WATSON, M.D. 
NEW YORK 


Such radical operative procedures as esophagectomy for cancer of the esophagus 
and total gastrectomy for certain cancers of the stomach are now being done with 
increasing frequency. Numerous surgeons, both European and American ( Fischer,’ 
Sauerbruch,? Phemister,* Garlock, Carter, Stevenson and Abbott,> Churchill,® 
Ochsner and DeBakey,’ Jonas,* Cattell ° and Marshall *°), have successfully resected 
cancers involving both the cardiac portion of the stomach and the terminal portion of 
the esophagus, such operations being performed by a transthoracic, transdia- 
phragmatic approach and completed usually by an intrathoracic esophagogastric 
anastomosis. 


In the patient whose case is reported here, so much of the stomach and 
esophagus was involved by cancer as to prohibit such an anastomosis. Con- 
sequently a subtotal gastrectomy and a subtotal esophagectomy, with subsequent 
construction of a prethoracic artificial esophagus, were necessary. 


REPORT OF CASE 


R. B., a Russian Jew born in December 1900, applied to the Memorial Hospital for treat- 
ment on July 17, 1940. Prior to the present illness he had never been ill. His habits were 
exemplary. His chief complaints were epigastric pain, dysphagia, substernal discomfort, 
regurgitation of food and hematemesis. 


Present Illness—Since 1933 the patient had complained intermittently of epigastric pain, 
nausea and heartburn. His weight had always been maintained at 180 pounds (81.5 Kg.). 
Finally, in June of 1938, when 37 years of age, he vomited bright red blood and one week 
later was admitted to another hospital in New York city. Physical examination revealed an 
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apparently normal abdomen. Gastric analysis gave normal results. The hemoglobin content 
of the blood was 50 per cent. The stools contained blood (4 plus). Fluoroscopic and roent- 
genographic examination revealed a tumor occupying the cardia and the fundus. An exploratory 
laparotomy was performed, and a nodular tumor mass was found on the lesser curvature 
of the stomach extending to the level of the esophagus, so that it was deemed mechanically 
impossible to resect it. The abdomen was therefore closed without removal of a specimen 
for biopsy. The patient convalesced uneventfully but continued to experience discomfort on 
swallowing solid food. 

Physicat Examination—Two years after his first admission to a hospital he was accepted 
at the Memorial Hospital, at which time he was still in good general health, although he 
had lost 10 pounds (4.5 Kg.) in weight and was moderately anemic. His physical examination 
at this time revealed essentially normal conditions, and the tumor in his stomach could not 
be palpated. There was no evidence of extension of the cancer to involve the liver, the peri- 
toneum and the rectovesical pouch. 

Roentgen Examination.—Fluoroscopic and roentgenographic studies revealed a bulky soft 
tissue mass occupying the cardiac and fundal portions of the stomach. A constricting defect 
involved the distal portion of the esophagus with dilatation proximal to it. It was evident 
that the cancer extended upward to involve the thoracic esophagus. 

Esophagoscopy.—A rigid gastroscope was passed with the area under local anesthesia. 
A flat granular tumor was encountered in the terminal portion of the esophagus at a distance 
of 39 cm. from the upper dental arch. The clinical impression was that the tumor originated 
in the stomach with secondary extension into the esophagus. A biopsy specimen obtained 
at this time was reported as “adenocarcinoma, gastric type, grade 3.” 

Laboratory Studies—Gastric analysis could not be done because of the degree of cardiac 
stenosis. The stools did not contain occult blood. The urine was normal. The blood count 
on July 22, 1940 was as follows: hemoglobin content, 52 per cent; erythrocytes, 2,816,000; 
white cells, 13,800, with a normal differential distribution. The protein content of the serum 
was 6.7 per cent. The sodium chloride content of the blood was 579 mg. per hundred cubic 
centimeters, the sugar content 132 mg. and the urea nitrogen content 12.9 mg. 


Operation, First Stage-—Exploratory laparotomy and jejunostomy were performed Aug. 
26, 1940. With the patient under spinal anesthesia induced with pontocaine hydrochloride, a 
left superior midrectus incision was made and the abdomen explored. The liver, peritoneum 
and abdominal viscera other than the stomach were clinically free from involvement by cancer. 
A very large gastric tumor was encountered which occupied the upper two thirds of the 
stomach and extended superiorly into the esophagus through the diaphragm. The lesser 
curvature was involved as low as the antrum. The tumor was largely intragastric and was 
moderately movable except for the esophageal extension. It was then decided that the cancer 
was resectable through the transthoracic, transdiaphragmatic approach. The first step there- 
fore was to perform a jejunostomy for feeding purposes; this was done immediately by the 
Marwedel technic. The feeding catheter was then withdrawn through a separate stab wound 
on the left and the jejunum anchored to the abdominal wall beneath without torsion, tension 
or kinking. The abdominal wound was closed by through and through braided silk sutures. 

A high caloric diet was given through the jejunostomy by means of a Murphy drip 
arrangement. Before, during and after this first stage, the patient received three blood 
transfusions of 600 cc. each. On one occasion he vomited a small quantity of old blood. 
Electrocardiographic studies were considered normal. In preparation for the second, more radical 
operation of resection, pneumothorax (left) was induced on five occasions, from 350 to 450 cc. 
of air being used. 

Operation, Second Stage.—Transthoracic, transdiaphragmatic, subtotal resection of the 
stomach, lower esophagectomy and terminal esophagostomy were performed Oct. 1, 1940, with 
the patient under anesthesia induced by rectal administration of avertin with amylene hydrate 
supplemented by intratracheal nitrous oxide-oxygen-ether anesthesia. The patient was placed 
on his right side. A continuous transfusion was started through a vein in the right foot. 
A long incision was made in the seventh intercostal space, curving upward between the scapula 
and the upper dorsal portion of the spine. The fifth, sixth and seventh ribs were cut 
posteriorly and the intercostal vessels ligated. A pneumonolysis was necessary to free the 
collapsed lung. The left phrenic nerve was gently crushed for temporary immobilization of 
the left half of the diaphragm. The terminal portion of the esophagus was dissected free, 
and an umbilical tape was passed beneath it for purposes of traction. The diaphragm was 
incised from the costal attachment to the hiatus, the contents of the abdomen thus being exposed. 
Dissection was carried downward medially and laterally to free the cardia, fundus and lesser 
curvature of the stomach. The coronary vessels and the left gastroepiploic vessels were doubly 
ligated and severed. After the gastrocolic and gastrohepatic ligaments had been severed, the 





932 ARCHIVES OF SURGERY 


mobilized stomach was readily pulled up into the thoracic cavity. A de Petz clamp was then 
applied across the stomach distal or caudal to the tumor, and the segments were severed 
between the hemostatic silver clips. The cut surface of the distal segment was then closed 
by seromuscular silk sutures. The residual stomach consisted only of the antrum and was 
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Fig. 1—Position of patient for transthoracic, transdiaphragmatic resection of esophagogastric 
cancer. 
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Fig. 2—A, surgical exposure. A continuous incision is made through the mediastinal pleura 
and the diaphragm. The phrenic nerve is lightly clamped to produce temporary paresis. 
B, mobilization of the terminal portion of the esophagus and the cardia and fundus of the 
stomach. 
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Fig. 3.—A, application of de Petz clamp obliquely across the stomach wall distal to the 
tumor. B, severance of proximal cancerous segment of stomach from the uninvolved distal 
segment. Figures 3A and 3B illustrate the usual technic whenever a subsequent esophago- 
gastric anastomosis is planned, but in the accompanying case report the cardiac and fundal 
cancer was so large that all of the stomach except the antral and pyloric fourth was removed. 
The de Petz clamp in this case extended almost to the incisura. C, the repaired distal gastric 
stump has been restored to the abdomen and the defect in the diaphragm repaired by two 
layers of sutures. D, closure of mediastinal pleura and continued mobilization of the esophageal 
stump in the superior portion of the mediastinum. 
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Fig. 4.—A, exposure of the cervical portion of the esophagus and delivery of remainder of 
esophagus through the neck wound. B, the proximal esophagus is placed in a subcutaneous 
tunnel in order to function as an anterior thoracic esophagostomy opening. 
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too small to permit a new esophagogastric anastomosis. Furthermore, the jejunal mesentery 
was abnormally short, and the presence of the jejunostomy militated against the establish- 
ment of an esophagojejunal anastomosis. Therefore the residual stomach was left in situ in 
the abdomen, and the defect in the diaphragm was closed by two layers of sutures. The 
tumor-bearing portion of the stomach was then lifted out of the thoracic wound, and the 
esophagus was freed up to the aortic arch. The esophagus above the tumor was doubly 
ligated with braided tape and amputated between the ligatures, the proximal stump being 
cauterized with phenol and alcohol. The cancerous stomach and esophagus were then removed 
from the field of operation. The distal end of the severed esophagus was covered by a pro- 
tective ligated rubber dam. The thoracic portion of the esophagus was mobilized by tunneling 
upward in the esophageal bed. The esophageal arteries were clamped, cut and ligated. The 
parietal pleura was incised above the aortic arch and the esophagus was brought up through this 
opening. The defect in the parietal pleura was sutured. A stab wound was made laterally 














Fig. 5.—The patient with a rubber tube connecting the esophagostomy opening and a sub- 
sequently constructed Janeway gastrostomy opening. 


in the wall of the chest, and a right-angle soft rubber tube drain was placed in the left 
costophrenic angle and sutured in place. The chest wound was closed in layers with inter- 
rupted sutures in the usual manner, and a compression bandage was applied. With the patient 
on his back, an incision was made in the left side of the neck extending from the left 
sternoclavicular junction upward for 7 cm. along the sternomastoid muscle. The left lobe of 
the thyroid was retracted laterally, and the cervical portion of the esophagus was identified. 
The thoracic portion of the esophagus was easily withdrawn through the wound defect. A 
stab wound was then made in the skin of the left anterior portion of the thoracic wall, and con- 
nection with the wound in the neck was effected by blunt subcutaneous burrowing. Through 
this channel the esophagus was pulled to form an external esophagostomy opening. The cervical 
wound was then closed. 

The patient was immediately placed in an oxygen tent and convalesced satisfactorily. He 
was removed from the oxygen tent on the fourth postoperative day and suffered no respiratory 
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distress. Use of the closed drainage system was discontinued on the fifth postoperative day. 
Three blood transfusions of 600 cc. each were given during and after this operation. The 
redundant esophagus protruding from the wound in the chest was removed by cauterization. 
The patient was able to swallow liquids without distress, and the occasional swallowing of 
weak solution of sodium hypochlorite was encouraged to cleanse the esophageal stoma. A 
roentgenogram of the chest made two weeks later revealed good expansion of the left lung 
and only slight residual pneumothorax. 


Pathologic Report-—The specimen consisted of 5 cm. of esophagus and the greater part 
of the stomach. The bulky intragastric tumor expanded the cardia, fundus and lower part of 

















Fig. 6.—A, gross specimen. The degree of esophageal involvement may be seen above the 
level of attachment of the diaphragm. 8B, gross specimen. Sagittal section of the stomach to 
show -the papillary character of the tumor and its protrusion into and obstruction of the 
terminal portion of the esophagus. One subcardiac lymph node contains metastatic carcinoma. 


the esophagus; the esophagocardiac junction measured 4 cm. in diameter. Two lymph nodes 
along the lesser curvature adjacent to the lower part of the esophagus at the cardiac junction 
were found to be grossly involved by metastatic cancer; this was confirmed by subsequent 
microscopic study. When the stomach was sectioned, a bulky, ulcerating, exophytic papillary 
tumor was revealed, the cut surface of which was grayish white and granular. The neoplasm 
completely encircled the cardia and extended for several centimeters onto the fundus, the 
greater part involving the anterior surface. For the most part the tumor was relatively non- 
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infiltrative, but there was deep penetration of the muscularis at the beginning of the lesser 


curvature and at the junction of the esophagus and the cardia. The neoplasm extended up 


the mucosa and wall of the esophagus for a distance of 3 cm.; the bulk of the intraesophageal 
tumor, however, was represented by a blunt, unattached papillary protrusion from the main 
body of the tumor. There were no mucosal polyps. 

Microscopic study of the tumor by Dr. Frank Foote led to the diagnosis of adenocarcinoma, 
grade 3, with metastasis to two perigastric lymph nodes. The structure of the cancer varied 
from portions of rather orderly glandular adenoma malignum, grades 1 and 2, to other 
portions which were nearly solid adenocarcinoma, grade 3. In one lymph node the metastatic 

















Fig. 7.—A, first step in prethoracic dermatoesophagoplasty. The central strip of skin is 
unmolested posteriorly. B, second step in dermatoesophagoplasty. The lateral margins are 
dissected widely back in order to approximate their edges later over the constructed tube of skin. 
C, the tube of skin has been constructed. D, the lateral flaps of skin may be sutured without 
great tension over the new esophagus. 


tumor was adenoma malignum, and in the second node it was adenocarcinoma. The gastric 
mucosa was apparently normal in its microscopic aspects. 

Operation, Third Stage-—A Janeway gastrostomy was performed Oct. 24, 1940. With the 
patient under spinal anesthesia induced with pontocaine hydrochloride, an upper left midrectus 
incision was made and the distal stump of the stomach freed from its many adhesions. The 
cubic capacity of this residual stomach was only 200 cc. Hence the construction of a gastros- 
tomy fistula was difficult. A flap of anterior gastric wall, measuring 2.5 cm. in width and 
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7 cm. in length, was developed with its pedicle end coming off the greater curvature. The 
flap margins were then approximated by tWo rows of sutures in the conventional manner to 
construct the mucosa-lined tube or goose-neck which characterizes the Janeway gastrostomy. 

A transfusion of 500 cc. of blood was given during the operation. A rubber catheter 
through the gastrostomy and through the pylorus into the duodenum was used for feeding. 
As soon as this functioned satisfactorily, i.e., when a liquid diet furnishing 3,000 calories 
could be given, the jejunostomy catheter was removed, and this wound was permitted to heal 
spontaneously. Considerable colicky pain accompanied each feeding. This was relieved by 
dilatation of the pylorus through a small gastroscope introduced via the gastrostomy and 
by intermittent hydrostatic (balloon) dilatation of the tiny stomach until its capacity increased 
to 450 cc. Fluoroscopic examination after barium was introduced through the gastrostomy 
showed no evidence of obstruction in the stomach, the duodenum or the jejunum. The patient 
received liver parenterally and supplementary vitamins. The weight remained unchanged at 
135 pounds (61.2 Kg.). 

Operation, Fourth Stage—Anterior or prethoracic dermatoesophagoplasty was performed 
April 18, 1941. Although it was possible to connect the esophagostomy and gastrostomy stomas 
by means of an intercommunicating rubber tube, swallowing by this arrangement was not 
completely satisfactory because of discomfort and leakage. The esophagostomy opening was 
between the second and the third rib on the left side, approximately 1 cm. to the left of the 
sternal margin. With the patient under ether inhalation anesthesia, parallel skin incisions 
2 inches (5 cm.) apart were made, extending from the esophagostomy to the gastrostomy 
stoma. The two inner edges were then rolled together and sutured in two layers without 
molesting the broad underlying base. This made a skin-lined tube. The lateral flaps of the 
original incisions were then widely undercut in order to mobilize them and permit their 
approximation over the tube just constructed. This closure was effected byfpertical inter- 
rupted mattress sutures of black silk. The incisions were narrowed in the upper portion 
and brought above the level of the esophagostomy orifice, so that this closure made the proper 
communication between the original and the artificial esophagus. The lower communication 
with the gastrostomy stoma was not closed at this time. 

Subsequent Course-—There was some wound infection, which was readily controlled. The 
patient convalesced satisfactorily and was in good health when he was discharged to his home. 
On July 8, 1941, three months after the last operation, he became despondent and jumped out of a 
third story window. He died the same day of shock and internal hemorrhage. 

Postmortem examination showed multiple fractures of the bony pelvis with rupture of the 
urinary bladder and the pelvic colon. The mediastinum was healed, although a sterile pocket 
of fibrin was found in one part of the esophageal bed. One small aortic lymph node was 
found to contain metastatic carcinoma. 


SUMMARY 

There are several interesting features about the case reported. 

1. There was a history of indigestion, dysphagia and other symptoms of gastric 
cancer starting in a young man, of 33 years. These symptoms continued for five 
years before the cancer was discovered by roentgenography and laparotomy. 

2. At the age of 38 years the patient was subjected to an initial exploratory 
operation at another hospital, at which time the size and location of the tumor at 
the cardia were such as to cause the lesion to be classified as inoperable by 
abdominal approach. 

3. Two years later it was still possible to resect this cancer by using a trans- 
thoracic and transdiaphragmatic approach. 

4. Because the cancer irivolved the major part of the stomach (superior two 
thirds) and a considerable segment of the esophagus as well, it was not possible 


to accomplish an intrathoracic anastomosis of the esophagus either to the residual 
stomach or to the jejunum. 


5. The operative procedures required four stages: (1) abdominal exploration 
to ascertain the extent of the disease and temporary jejunostomy for feeding pur- 
poses, (2) transthoracic and transdiaphragmatic subtotal resection of the stomach 
and esophagus with permanent anterior esophagostomy, (3) construction of a 
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permanent gastric fi: .ula by a Janeway gastrostomy and (4) anterior or prethoracic 
dermatoesophagoplasty to unite the esoph@ostomy stoma and the gastrostomy 
stoma. 

6. The pathologic specimen showed that the bulk of the tumor was a papillary 
intragastric adenoma malignum of low grade malignancy, which could account for 
the long history, slow rate of growth and failure of the cancer to metastasize widely. 
In two regions, however, the cancer had become solid adenocarcinoma, grade 3. 

7. The arduous effort and expenditure of time by numerous members of the 
hospital staff and the great expense borne by the hospital during the eight months 
of care came to naught when the patient, in a moment of despondency, committed 
suicide. The discovery at autopsy of a single tiny preaortic lymph node containing 
one focus of metastatic carcinoma made the heroic sequence of major operations 
seem futile. 
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PROGNOSIS AND END RESULTS IN THE TREATMENT 
OF CANCER OF THE STOMACH 


CAPTAIN WALTMAN WALTERS, MC-V(S), U.S.N.R. 
AND 
HOWARD K. GRAY, M.D. 
AND 
JAMES T. PRIESTLEY, M.D. 


ROCHESTER, MINN. 


The only hope of cure for carcinoma of the stomach at present resides in estab- 
lishing the diagnosis at a time when surgical removal of the growth is possible. 
The main opportunity to reduce the great number of deaths which this condition 
causes annually (38,000 for the United States of America) lies in establishing the 
diagnosis earlier in a greater proportion of cases, so that more patients may be 
afforded the possible benefits of gastric resection. 

As has been emphasized by Livingston and Pack,’ any consideration of ultimate 
results obtained in the treatment of gastric carcinoma should take gato account 
first the entire number of cases in which the diagnosis has been esf@blished and 
subsequently determine how many of the patients have been cured. Those who 
may be interested in a detailed statistical study of carcinoma of the stomach are 
referred to a work based on our experience in the Mayo Clinic.” 

From 1907 to 1938 inclusive, the diagnosis of carcinoma of the stomach was 
made at the Mayo Clinic in 10,890 cases. Of these, the lesions in 4,648 (42.7 
per cent) were considered to be inoperable, and the patients received only palliative 
medical treatment. The remaining 6,242 (57.3 per cent) pagjents underwent 
exploratory operation in the hope that gastric resection might accomplished! 
Among this group, inoperable lesions were found in 2,431 cases (22.3 per cent of 
the entire series of 10,890 cases), and in each case the incision was closed and 
nothing further was done. In an additional group of 1,039 cases (9.5 per cent 
of the original series of 10,890 cases) the lesion could not be removed but some 
form of palliative procedure appeared to be worth while and was performed. In 
2,772 (25.5 per cent) of the original 10,890 cases in which the diagnosis was 
established, gastric resection actually was accomplished. Thus, approximately 1 of 
4 persons whose condition was diagnosed as gastric carcinoma during these years 
had the lesions removed surgically and thereby, provided they survived the oper- 
ation, had some chance of ultimate cure. 

In this series, then, the surgical rate of gastric carcinoma averaged 57.3 per 
cent and the resectability rate (calculated on all patients) was 25.5 per cent. When 
the resectability rate is calculated from only the number of patients on whom 
operation was performed, namely 6,242, it is found to be 44.4 per cent. The 
resectability rate is important because even though the surgical rate may be high 
or may gradually increase as time goes on, this change does not mean that the 
ultimate results actually are being improved unless the resectability rate continues 


From the Division of Surgery, the Mayo Clinic. 

1. Livingston, E. M., and Pack, G. T.: Treatment of Cancer and Allied Diseases, New 
York, Paul B. Hoeber, Inc., 1940, vol. 2, chap. 69, pp. 1110-1263. 

2. Walters, W.; Gray, H. K., and Priestley, J. T.: Carcinoma and Other Malignant 
Lesions of the Stomach, Philadelphia, W. B. Saunders Company, 1942. 
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to be high. For only then will the actual percentage of cases in which resection is 
performed be increased. 

In this series the mortality rate for all types of gastric resection was 16.2 per 
cent. This means that only 2,322 of the 2,772 patients who underwent resection 
actually survived the immediate postoperative period and therefore had a definite 
opportunity for ultimate cure. Thus, of the original group of 10,890 cases in which 
the diagnosis was established, 2,322 patients (21.3 per cent) were given a chance 
of cure. With improvement in operative technic, based on the original contributions 
of the pioneers in this field, advances in anesthesia and the improvements attained 
irom close cooperation with colleagues in the medical services so that the patient 
might profit by their counsel, this mortality rate was reduced to 10.9 per cent for 
the years 1940 and 1941 together. 

Of the patients who underwent resection and who survived the operation, 28.9 
per cent lived five years or longer, 20.4 per cent lived ten years or longer, 15.2 
per cent lived fifteen years or longer, 10.5 per cent lived twenty years or longer 
and 6.3 per cent lived twenty-five years or longer. Included in the calculation of 
these rates are all deaths, regardless of cause. The outlook at present for a patient 
with carcinoma of the stomach is illustrated in a general way in chart 1. Survival 
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Fig. 1—Five year survival rates of patients with resectable lesions, those with no metastasis 
and those with carcinoma of grade 1 or 2, compared with the five year survival rates of all 
patients observed who had carcinoma of the stomach (from Walters, Gray and Priestley *). 


percentages depend largely on three important factors: surgical rate, resectability 
rate and operative mortality rate. 

In the individual case many circumstances, as revealed by the history, physical 
examination and laboratory data, are concerned in the decision as to whether 
operation can be performed. In our large series the average surgical rate was 57.3 
per cent. This has risen slightly in recent years at the clinic to 66.0 per cent in 
1942. Similarly, numerous factors determine the resectability rate. Some of these 
are the surgeon’s skill and experience, the patient’s age and sex, the type of 
symptoms and their duration, gastric acidity, presence of a palpable mass, location 
of the lesion, extension to the neighboring structures and grade of malignancy. 
In the experience with the large series, as mentioned before, the resectability rate 
calculated on the basis of all cases in which the diagnosis originally was made was 
25.5 per cent, and when figured from the number in which operation was performed, 
was 44.4 per cent. It is particularly interesting to note the rather remarkable 
increase in the surgical and resectability rates in the past year. Although the exact 
figures are not yet available for the year 1942, approximately 420 patients were seen 
whose condition was diagnosed as carcinoma of the stomach. The lesion in 143 (34.0 
per cent) of these cases was thought to be inoperable and in 277 (66.0 per cent) 
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operable. In the latter group, the carcinoma in 123 cases (44.4 per cent) was 
found to be inoperable, and in 154 (55.6 per cent ; 36.6 per cent of the entire series ) 
resection of the stomach was performed. The reason for this increase in the 
surgical and resectability rates is not readily apparent but can be traced probably to 
the fact that the average lay person finally has become aware of the seriousness of 
persistent distress referable to the stomach and has sought professional advice 
at a period when the growth was still small enough so that resection could be 
performed before metastasis had occurred. The fact that a greater number of 


persons are working during the war also may play an important role, for the 


TaBLe 1—Five Year Survivals After Resection for Carcinoma of the Siomach 
According to Grade of Malignancy 








Patients 
Who Survived Operation * Who Lived 5 or More Years t 
Grade Total Traced Traced Per Cent 3 
a 9 25 86.2 
Soewe ‘iin 190 187 110 58.8 
6 315 95 30.2 
Be cwen ene ene ee@ee 270 266 62 23.3 
* Inquiry as of Jan. 1, 1940. Included here are patients operated on five or more ye#rs prior to time 


of inquiry, that is, 1934 or earlier. Hospital mortality is excluded in the calculation of survival rates. 
+ Lived five or more years after leaving the hospital. 
: Per cent of traced patients. 











TasLe 2.—Five Year Survivals After Resection for Carcinoma of the Stomach According 
to Grade of Malignancy and Involvement of Lymph Nodes 
Patients 
Who Survived Operation * Who Lived 5 or More Years + 
—-- —- + - + —_—--- ——___— _—— —~ 
Regional Lymph Nodes Total Traced Traced Per Cent 

Pf ee ope re 919 912 393 43.1 
Grades 1 and 2........... bat vant 167 165 110 66.7 
Grades $ and 4........ccsse- want 244 241 104 43.2 
oo) ey phinkeusns ae wee 508 506 179 35.4 
pO ae Se NES 1,049 1,089 171 16.5 
Grades 1 and 2... , —e 52 51 25 49.0 
Grades 3 and 4........... ; pewiaaewe 342 340 53 15.6 
ree eee _— 655 648 ) 14.4 














* Inquiry as of Jan. 1, 1940. Ineluded here are patients operated on five or more years prior to the 


time of inquiry; that is, in 1934 or earlier. Hospital mortality is excluded in the calculation of survival 
rates. 


+ Lived five or more years after leaving the hospital. 


former financial barriers to adequate medical examination in many instances now 
have been removed. 

All patients for whom resection of the stomach for gastric carcinoma has been 
performed but who do not survive the operation have been denied the possibility 
of cure just as definitely as those on whom operation has not been performed. 
Thus, the third important factor that influences the prognosis for the patient with 
this lesion is the operative mortality rate. The various factors which influence 
the operative mortality rate do not come rightly within the scope of this paper. 
Some, however, may be mentioned. Among the more important are: preoperative 
preparation to correct dehydration, chemical imbalance and anemia; judicious 
selection and skilful administration of the anesthetic agent; the type of operation 
employed and the degree of difficulty encountered; the skill of the surgeon; the 
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size of the lesion and the extent of invasion of adjacent tissues; the age and sex of 
the patient, and the postoperative care. 

Other factors influence survival following successful gastric resection. One of 
these is the grade of malignancy according to Broders’ method of identification. In 
our large group of cases it was observed that the lower the grade of malignancy of 
the lesion the better the prognosis and conversely the higher the grade of malignancy 
the worse the prognosis. This is clearly shown in table 1. 

Next to the grade of the malignancy the presence or absence of involvement of 
regional lymph nodes was found to be of greatest significance (table 2). When 
resection was performed in the absence of involvement of regional lymph nodes, 
the five year survival rate was 43.1 per cent, as contrasted with only 16.5 per cent 
when regional lymph nodes were involved. The importance of removing all regions 
of lymphatic drainage from the stomach as completely as possible whenever gastric 
resection is performed is apparent and should include in every case all of the greater 
omentum. 

If the regional lymph nodes were not involved but if the growth had extended 
to certain neighboring structures, the five year survival rate following removal of 
the growth and its extension was approximately 5 per cent less than in cases in 
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Fig. 2.—Survival rates for twenty years of patients who had had resection of the stomach 
for carcinoma compared with those of the normal population (from Walters, Gray and 
Priestley 2). 


which such direct extension did not exist. Thus it would appear that invasion of 
the adjacent lymphatic structures is of more significance as regards prognosis than 
is direct extension of the lesion, provided, of course, that the entire lesion can be 
removed. Experience has shown, however, that extragastric extension does not 
contraindicate resection. When the primary lesion has been removed in cases of 
carcinoma of the stomach, the extragastric extensions sometimes may resolve 
spontaneously. This same course obtains on removal of the primary lesion in other 
locations. 

The size of the lesion which was resected was not found to bear any direct 
relationship to the survival rates following resection. However, the site of the 
lesion in the stomach was found to be of some significance. In general, lesions on 
the lesser curvature gave a somewhat better prognosis than those situated on the 
greater curvature. Lesions situated in the middle portion of the stomach afforded 
a greater opportunity for cure following resection than those located in either the 
pyloric or the cardiac portion. 

The survival curve for patients with carcinoma of the stomach for a period of 
twenty years after their leaving the hospital is shown in figure 2. It is interesting 
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to note that five to seven years subsequent to resection the survival rates for the 
patients who had undergone resection for gastric carcinoma were similar to those 
for the general population of comparable age. This evidence substantiates the term 
“five year cure”, because if a patient lived five or more years after resection his 
chance of survival during the ensuing years was just about the same as it would 
have been for any person of his age in the general population. Also included in 
chart 2 are the survival rates for those patients on whom either a palliative operation 
or exploratory laparotomy alone was carried out. 


SUMMARY 


In a series of 10,890 cases of carcinoma of the stomach, slightly more than half 
the patients (57.3 per cent) seen clinically in the Mayo Clinic from 1907 to 1938 
inclusive were considered to be in the operable stage of the disease. This number 
has risen in recent years to about two thirds (66.0 per cent) in 1942. Approxi- 
mately half of these patients (25.5 per cent of the large series and 36.6 per cent 
in 1942) were found to have removable lesions at the time of exploratory 
laparotomy. 

The average hospital mortality rate in this series of 10,890 cases for all types 
of resections of the stomach for carcinoma was 16.2 per cent, but for the years 1940 
and 1941 together the hospital mortality rate was 10.9 per cent. Of those patients 
who underwent resection and survived the immediate postoperative period, 28.9 
per cent were alive at the end of five years and 6.3 per cent lived twenty-five years 
or longer. 

In this group of cases it was observed that the lower the grade of malignancy 
according to Broders’ method of identification, the better was the prognosis, and, 
conversely, the higher the grade of malignancy the worse was the prognosis. 
Eighty-six and two tenths per cent of the patients who had carcinoma of grade 
1 were alive five years after resection, whereas only 23.3 per cent of these patients 
who had carcinoma of grade 4 were living after a comparable period. 

From the prognostic standpoint, the presence or absence of involvement of the 
regional lymph nodes was of the greatest significance. In cases in which the 
regional lymph nodes were not involved, the five year survival rate was 43.1 per 
cent, as contrasted with only 16.5 per cent in cases in which the regional lymph 
nodes were involved. 

If a patient lived five or more years after resection of a carcinoma of the stomach, 
the chance of survival during the ensuing years was found to be about the same as 
it is for any person of comparable age in the general population. 
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Biographies are grouped together and are 
indexed under that heading in alphabetical 
order under the letter 


Abdomen: See also Gastrointestinal Tract; etc. 
retroperitoneal tumors affecting kidneys, 434 
thoracoabdominal gunshot wounds; review 

of 84 cases, 59 

Abels, J. C.: Metabolic abnormalities in patients 
with cancer of gastrointestinal tract; re- 
view of recent studies, 844 

Abnormalities and Deformities: See also under 
names of diseases, organs and regions, as 
Foot; Hip; Kidneys; Legs; Penis; Ribs; 
Thigh; Wrist; etc. 

telescoping V osteotomy; general method for 
correcting angular and rotational disaline- 
ments, 772 

Abscess: See also under names of organs and 

regions 
wound healing; effect of sterile abscess on 
fibroplasia in wound healing, 40 

Accidents: See Aviation and Aviators; Trauma 
etc. 

Achilles Tendon: See Tendons 

Acid, Amino See Amino Acids 

Acromioclavicular Joint: See Shoulder 

American Academy of Orthopaedic Surgeons, 
progress in orthopedic surgery for 1941; 
review prepared by editorial board of, 74 

reprints of “Progress in Orthopedic Sur 
gery” available, 458 

Amino Acids, total circulating plasma proteins in 
surgical patients with dehydration and mal 
nutrition; indications for intravenous ali- 
mentation with amino acids, 277 

Ampulla of Vater: See Vater’s Ampulla 

Amputation, 105 
arteriosclerotic gangrene; report on refrigera 

tion prior to amputation, 518 

Anastomosis: See Intestines 

Anderson, R. L.: Dislocation of knee; report 
of 4 cases, 598 

Andrus, W. DeW.: Effects of jejunal transplants 
on experimental production of peptic ulcers, 
a59 

Treatment of burns with chemotherapeutic 
membranes, 1 
Anemia, postoperative, 860 
Anesthesia, 454. See also Surgery 
concentration of procaine in spinal fluid of 
human being after subarachnoid injection ; 
third report, 301 

fate of procaine in human body after sub- 
arachnoid injection, 49 

in urologic surgery, 166 

Anesthetics: See Anesthesia 

Angrist, A.: Traumatic hemorrhage of internal 
capsule, 265 

Ankle: See also Astragalus; Foot 
injuries to foot and ankle, 85 
osteochondritis of ankle joint, 83 
roentgen studies of ankle joint, 83° 
surgical approaches to epiphysial cartilages 

of knee and ankle joints, 591 
Ankylosis: See Hip; Knee; etc. 
Anomalies: See Abnormalities and Deformities ; 
and under names of diseases, organs and 
regions 
Anoxia: Se Oxygen, deficiency 
Antisepsis and Antiseptics; urinary antiseptic 
agents, 452 
Anus, epidermoid cancer of anus and rectum, 336 
Apoplexy: See Brain, hemorrhage 
Apparatus, 110. See also Instruments 
arteriosclerotic gangrene; report on refrigera- 
tion prior to amputation, 518 

Burdick intermittent venous occlusion appa- 
ratus, 403 

clot resistance in mice and mechanism of 
hemostasis, 224 

measurements of foot movements, 80 

pain in shoulder girdle, arm and precordium 
due to foraminal compression of nerve roots, 
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Apparatus—Continued 
post-traumatic dystrophy of extremities; 
chronic vasodilator mechanism, 469 
skeletal traction as method of treatment for 
certain foot deformities, 736 
Ariel, I.: Metabolic abnormalities in patients 
with cancer of gastrointestinal tract; re- 
view of recent studies, 844 
Armies: See Medicine, Military 
Arms: See also Extremities; Humerus; etc 
pain in shoulder girdle, arm and precordium 
due to foraminal compression of nerve 
roots, 652 
useful surgical procedures for rheumatoid 
arthritis involving joints of upper extremity, 
764 
Arteries: See also Arteriosclerosis ; Blood, pres- 
sure; Embolism; Thrombosis; Vasomotor 
System ; etc. 
nerve regeneration in rat following tubular 
splicing of severed nerves, 525 
surgical anatomy of external carotid plexus, 
238 
treatment of acute arterial occlusion by means 
of intermittent venous occlusion; report of 
case, 395 
Arteriosclerosis; arteriosclerotic gangrene; re- 
port on refrigeration prior to amputation, 
518 
Arthritis, useful surgical procedures for rheu- 
matoid arthritis involving joints of upper 
extremity, 764 
Arthrodesis: See Joints 
Arthrogryposis Multiplex Congenita: See Joints 
Astragalus: See also Ankle 
fracture of neck of, 720 
Atherosclerosis: See Arteriosclerosis 
Atrophy: See under names of organs and re- 
gions, as Bones, atrophy; Stomach; etc. 
Atsatt, R. F.: Knowing how to live, 604 
Aufranc, O. E.: Useful surgical procedures 
for rheumatoid arthritis involving joints 
of upper extremity, 764 
Aviation and Aviators; paratrooper fracture, 
780 
Avitaminosis: See under Vitamins 


Babcock, W. W.: Operative treatment of cancer 
of large bowel without colostomy, 253 

Bacilluria: See under Urine 

Back, internal brace for low part of back, 
755 

Bacon, H. E.: Operative treatment of cancer of 
large bowel without colostomy, 253 


Bacteria: See Staphylococci; Tubercle Bacilli; 


Barr, J. S.: Muscle transplantation for com- 
bined flexion-internal rotation deformity 
of thigh in spastic paralysis, 605 


Batterman, R. C.: Demerol; substitute for 
morphine in treatment of postoperative pain, 
404 


Bennett, C. B.: Notes on early bone cyst, 608 
Bigelow, Henry Jacob, orthopedic surgeon, 666 
Bile Ducts: See also Biliary Tract; Gallbladder 
free graft over vitallium tube for bridging 
gap in common bile duct of dog, 245 
Biliary Tract: See also Bile Ducts; Gallblad- 
der; Liver 
diseases; biliary dyskinesia; role played by 
remnant of cystic duct, 564 
Billig, H. E., Jr.: Dysmenorrhea; result of 
postural defect, 611 


BIOGRAPHIES: 


Bigelow, Henry Jacob, orthopedic surgeon, 666 
Osgood, Robert B., 589 


Biopsies: See under Testes 
Bladder: See also Urinary Tract 
calculus, 442 
carcinoma, 440 
congenital obstruction of neck of bladder, 
444 
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Bladder—Continued 
fibrosis of vesical neck, 
Fistula: See Fistula 
glandular proliferation, 442 
hemangioma, 442 
inflammation; interstitial 
prolapse, 144 
rupture, 141, 443 
tumor, 138 
ulcer, 142 


143 


cystitis, 143 


Blair, J. E.: Role of toxin and use of anti- 
toxin in systemic staphylococcic infections, 
548 

Blalock, A.: Effects of lowering temperature of 
injured extremity to which tourniquet has 
been applied, 167 

Blood: See also Erythrocytes 

coagulation; clot resistance in mice and 


mechanism of hemostasis, 224 
coagulation; intravenous use of 

oxide, 296; correction, 458 
Diseases: See Anemia; Leukemia; etc. 


vitamin Ki: 


effects of administration of sodium _ sulfa- 
diazine to dogs, 326 

evaluation of blood test for galactose toler- 
ance in diagnosis of hyperthyroidism, 581 

inorganic phosphorus content of serum in 
shock, 214 

pressure, high; hypertension and unilateral 
renal disease, 431 

proteins; incidence, nature and cause of 
hypoproteinemia . associated with gastro- 
intestinal cancer, 848 


proteins; total circulating plasma proteins in 
surgical patients with dehydration and mal- 


nutrition; indications for intravenous ali- 
mentation with amino acids, 277 

prothrombin ; postoperative hypoprothrom- 
binemia, 859 

Bones: See also under names of bones 

atrophy; post-traumatic dystrophy of ex- 
tremities;: chronic vasodilator mechanism, 
469 

bone growth, repair and metabolism, 116 

central bone graft in joint arthrodesis, 664 

Deformities: See Abnormalities and Deformi- 
ties; Osteitis deformans; etc. 

Diseases: See Osteitis; Osteochondritis; etc 


effect of fluorides on skeleton, 123 

endocrine secretions and their effect on 
growth, maturation and degeneration of 
bone, 123 

equalization of length of legs, 

Fractures: See Fractures 


114 


growth, and epiphyses, 118 

growth; cleidocranial dysostosis, 92 

growth; delayed ossification, 122 

growth, effect of manganese on, 122 

growth; ossification centers, 121 

infiltration of bone with spontaneous fracture 
in case of chronic myelogenous leukemia, 
514 


internal fixation, 112 
marrow; effects of administration 
sulfadiazine to dogs, 326 
mobilization of bone salts, 122 
notes on early bone cyst, 608 
Paget’s disease with associated 
sarcoma ; report of 3 cases, 750 
solitary benign enchondroma of, 480 
vitamins and bone formation, 116 


of sodium 


osteogenic 


Brace: See Orthopedics 
Brain: See also Meninges; Nervous System: 
etc. 
hemorrhage, traumatic, of internal capsule, 
265 


reticulocytosis following ablation of frontal 


. cerebral cortex, 572 
solid carbon dioxide-ferric chloride technic 
for hemostasis; experimental study of its 


effectiveness in brain, 
sagittal sinus, 386 

Brostrom, F.: Early mobilization of fractures 
of upper end of humerus, 614 


viscera and superior 


Bryan, W. W.: Primary carcinoma of infra- 
ampullary portion of duodenum with ex- 
ample of probable origin from aberrant 


pancreatic tissue, 494 
Burns, treatment with chemotherapeutic 


mem- 
branes, 1 
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Bursa, adventitious bursas, 687 


lesions due to injury and disease of brsas 
and tendons about shoulder joint, 87 
subacromial, 324 


Calcaneum; exostosis on os calcis, 81 


Calcification: See also Bones, growth; Ten- 
dons; Vas Deferens; etc. 
lesions of supraspinatus tendon; degenera- 


tion, rupture and calcification, 307 
Calcium and Calcium Compounds, mobilization 
of bone salts, 122 
Caleuli: See Bladder; Gallbladder; 
Ureters; Urinary Tract; etc. 
Callus: See under Fractures 
Cancer: See Sarcoma; Tumors; and under 
names of organs and regions, as Anus, 
Bladder ; Duodenum ; Gastrointestinal Tract ; 
Intestines; Prostate; Stomach; etc. 
Carbon Dioxide; solid carbon dioxide-ferrit 
chloride technic for hemostasis; experi- 
mental study of its effectiveness in brain, 
viscera and superior sagittal sinus, 386 
Carotid Body, surgical anatomy of external 
earotid plexus, 238 
Carpus: See Wrist 
Cartilage: See also Osteochondritis ; 
growth and metabolism, 133 
surgical approaches to epiphysial 
of knee and ankle joints, 591 
Casts: See also Fractures 
plaster cast technic, 112 
Cattell, R. B.: Epidermoid carcinoma of anus 
and rectum, 336 
Cells: See Tissue 
Cerebellopontile Angle, trigeminal 
due to radicular lesions, 555 
Cerebrospinal Fluid, concentration of procaine 
in spinal fluid of human being after sub- 
arachnoid injection ; third report, 301 


Kidneys ; 


Ribs; ete 


cartilages 


neuralgia 


Chemotherapy: See Burns; Sulfanilamide and 
Sulfanilamide Derivatives 
Chenoweth, A. Free graft over vitallium 


tube for bridging gap in common bile duct 
of dog, 245 

Chest: See Thorax 

Children, conditions involving foot in, 80 

Cholesteatoma, dermoid and epidermoid tumors 
(cholesteatomas) of central nervous system 
report of 23 cases, 350 

Clavicle, cleidocranial dysostosis, 92 


Cobey, M. C.: Hemangioma of joints, 465 
Cold, arteriosclerotic gangrene; report on re- 
frigeration prior to amputation, 518 
effects of lowering temperature of injured 

extremity to which tourniquet has been 

applied, 167 

reduced temperatures in surgery, 107 
Colostomy, operative treatment of cancer of 

large bowel without colostomy, 253 
Congress: See Societies 
Contracture, Dupuytren’s, 99 
Copley, A. L.: Clot resistance in mice and 


224 


See Shoulder 


mechanism of hemostasis, 
Coracoclavicular Joint: 


Coxa Vara: See Hip, deformities 
Cozen, L.: Prone position for exposing medial! 


meniscus of knee joint, 616 


Cranium, ossification centers, 121 
repair of large cranial defects; report of 
case in which large cranial defect was 
repaired by graft from ilium, 575 
so-called “‘benign metastasizing goiter’; re- 
port of 2 cases with intracranial metas- 
tasis, 377 
Cystitis: See Bladder, inflammation 
Cysts: See under names of organs and regions, 


as Bones; Epididymis; Humerus; Kidneys; 
etc. 


Dermoid: See under Tumors 


Davis, A. G.: New aspects of spinal injuries, 
619 

Davis, W. A.: Intravenous use of vitamin K: 
oxide, 296; correction, 458 


Dawson, C. W.: Osteochondritis dissecans; dis- 
cussion of 2 similar lesons, 635 

Deformities: See Abnormalities and Deformi- 
ties; and under names of diseases, organs 
and regions 
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Dehydration, total circulating plasma proteins 
in surgical patients with dehydration and 
malnutrition; indications for intravenous 
alimentation with amino acids, 277 

Demerol; substitute for morphine in treatment 
of postoperative pain, 404 

DeQuervain’s Disease: See under Tendons 


de Takats, G.: Post-traumatic dystrophy of 
extremities ; chronic vasodilator mechanism, 
469 


Digestive System: See Gastrointestinal Tract; 
Intestines; Pancreas; Stomach; etc. 
Dislocations: See under Hip; Jaws; Knee; 

Shoulder; etc. 
Diuresis and Diuretics, production of diuresis, 
Jt 
Diverticulum: See Ureters 
Duff, G. L.: Primary carcinoma of infra-am- 
pullary portion of duodenum with example 
of probable origin from aberrant pan- 
creatic tissue, 494 
Duncan, G. W.: Inorganic phosphorus content 
of serum in shock, 214 
Duodenum, primary carcinoma of infra-am- 
pullary portion of duodenum with example 
of probable origin from aberrant pancre- 
atic tissue, 494 
Ulcers: See Peptic Ulcer 
Dupuytren Contracture: See Contracture 
Dyskinesia: See Biliary Tract, diseases 
Dysmenorrhea: See Menstruation 
Dysostosis: See Bones, growth 
Dystrophy: See also Bones, atrophy 
muscular, and vitamins, 128 
post-traumatic, of extremities; chronic vaso- 
dilator mechanism, 469 


Ebin, J.: Solid carbon dioxide-ferric chloride 
technic for hemostasis; experimental study 
of its effectiveness in brain, viscera and 
superior sagittal sinus, 386 

Edema, traumatic, 105 

Education, examination by American Orthoptic 
Council, 458 

Elbow, surgical approaches to elbow joint, 93 

Embolism: See also Thrombosis 

pulmonary; clinical and experimental study, 
27 


Enchondroma, solitary benign enchondroma of 
bone, 480 
Endocrine Glands: See also Hormones 
endocrine secretions and their effect on 
growth, maturation and degeneration of 
bone, 123 
Epidermoid: See Nervous System 
Epididymis, blood supply, 152 
cyst of, 154 
tumor of, 154 
Epididymitis, 451 
Epiphyses and bone growth, 118 
surgical approaches to epiphysial cartilages of 
knee and ankle joints, 591 
treatment in cases of slipped capital femoral 
epiphysis at Massachusetts General Hospital, 
681 
Erythrocytes: See also Anemia; etc. 
reticulocytosis following ablation of frontal 
cerebral cortex, 572 
Esophagus, transthoracic resection for cancer 
of cardiac end of stomach, 915 
transthoracic subtotal gastrectomy and esoph- 
agectomy for cancer; report of case, 930 
Exercise, pulmonary embolism; clinical and 
experimental study, 27 
Exostosis on os calcis, 81 
Extremities: See also Arms; Legs; and under 
names of bones 
Amputation: See Amputation 
anatomic study of venous variations at fossa 
ovalis; significance of recurrences follow- 
ing ligations, 289 
artificial limbs, 110 
blood supply; treatment of acute arterial oc- 
clusion by means of intermittent venous 
occlusion; report of case, 395 
effects of lowering temperature of injured 
extremity to which tourniquet has been 
applied, 167 
injuries; inorganic phosphorus content of 
serum in shock, 214 
post-traumatic dystrophy of; chronic vaso- 
dilator mechanism, 469 
solitary benign enchondroma of bone, 480 





VOLUME 46 


Fat, absorption after total gastrectomy, 857 
Femur: See also Hip 
Epiphyses: See Epiphyses 
infiltration of bone with spontaneous fracture 
in case of chronic myelogenous leukemia, 
514 
subtrochanteric osteotomy in coxa vara, 743 
Ferric Chloride; solid carbon dioxide-ferric 
chloride technic for hemostasis; experi- 
mental study of its effectiveness in brain, 
viscera and superior sagittal sinus, 386 
Fibula, fracture of shafts of both bones of 
lower half of leg, 697 
Fingers and Toes: See also Foot; Hand 
Contracture: See under Contracture 
epithelial cysts, 101 
hallux valgus, 77 
hallux varus, 79 
phalangization, 104 
subungual glomus, 86 
tendon injuries, 102 
Fistula, biliary; gallstone ileus, 9 
of bladder, 439 
Flatfoot: See under Foot 
Fluorides, effect on skeleton, 123 
Foot: See also Ankle; Astragalus; Calcaneum ; 
Fingers and Toes; Metatarsus; etc. 
accessory bones of, 81 
conditions involving foot in children, 80 
conditions involving foot in relation to mili- 
tary service, 76 
deformities; skeletal traction as method of 
treatment for certain foot deformities, 736 
hollow, 76 
idiopathic flat foot, 420 
imbalance, 74 
injuries to foot and ankle, 85 
March: See Metatarsus 
measurements of foot movements, 80 
misconception about “springiness’’ of longi- 
tudinal arch of foot; mechanics of arch of 
foot, 410 
Fossa ovalis; anatomic study of venous varia- 
tions at fossa ovalis; significance of recur- 
rences following ligations, 289 
Fester, H. L.: Primary carcinoma of infra- 
ampullary portion of duodenum with ex- 
ample of probable origin from aberrant 
pancreatic tissue, 494 
Fractures: See also Legs; and under names of 
bones and joints, as Astragalus; Femur; 
Fibula; Humerus; Legs; Tibia; etc. 
infiltration of bone with spontaneous fracture 
in case of chronic myelogenous leukemia, 
514 
internal fixation, 112 
march fractures, 84 
paratrooper fracture, 780 
plaster cast technic, 112 
Frank, H. A.: Intravenous use of vitamin K:1 
oxide, 296; correction, 458 
Freezing: See Cold 
Friedman, H. H.: So-called “benign metastasiz- 
ing goiter’; report of 2 cases with intra- 
cranial metastasis, 377 
Friedmann, A. B.: Infiltration of bone with 
spontaneous fracture in case of chronic 
myelogenous leukemia, 514 


Galactose, evaluation of blood test for galac- 
tose tolerance in diagnosis of hyperthy- 


roidism, 581 
Gallbladder: See also Bile Ducts; Biliary 
Tract 


biliary dyskinesia; role played by remnant 
of cystic duct, 564 
calculi; gallstone ileus, 9 
Gallstones: See Gallbladder, calculi 
Gangrene, arteriosclerotic; report on refrigera- 
tion prior to amputation, 518 
Gardner, E.: Surgical anatomy of external 
carotid plexus, 238 
Garrison, W. S.: Wound healing; effect of 
sterile abscess on fibroplasia in wound 
healing, 40 
Gastrectomy: See under Stomach 
Gastric Juice: See under Stomach 
Uleer: See Peptic Uleer 
Gastritis: See Stomach, inflammation 
Gastroduodenal Uleer: See Peptic Ulcer 
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Gastrointestinal Tract: See also Intestines; 
Rectum; Stomach; etc. 
metabolic abnormalities in patients with 
cancer of gastrointestinal tract; review of 
recent studies, 844 
Gastroscopy: See under Stomach 
Genitals: See also Urinary Tract; and under 
names of genitals, as Penis; etc. 
tuberculosis, transmission of, 166 
Gill, G. G.: Surgical approaches to epiphysial 
cartilages of knee and ankle joints, 591 
Ginsberg, V.: Infiltration of bone with spon- 
taneous fracture in case of chronic myelo- 
genous leukemia, 514 
Glasser, S. T.: Anatomic study of venous varia- 
tions at fossa ovalis; significance of recur- 
rences following ligations, 289 
Glenn, F.: Effects of administration of sodium 
sulfadiazine to dogs, 326 
Glomus Tumors: See Tumors 
Goiter: See also Thyroid 
so-called “‘benign metastasizing goiter’; re- 
port of 2 cases with intracranial metastasis, 


377 
Goldberg, A Fate of procaine in human body 
after subarachnoid injection, 49 


Gordimer, H.: Fracture of shafts of both bones 
of lower half of leg, 697 
Grafts: See Bones; Ilium; etc. 
Graham, R. R.: Total gastrectomy for 
noma of stomach, 907 
Gray, H. K.: Biliary dyskinesia; role played 
by remnant of cystic duct, 564 
Prognosis and end results in treatment of 
cancer of stomach, 939 
Grease gun injuries of hand, 100 
Green, W. T. Pseudarthrosis and 
bromatosis, 639 
Guiss, L. y Chronic atrophic 
eancer of stomach, 823 
Gunshot Wounds: See Wounds 
Gutierrez, R.: Review of urologic 
138, 422 
Haley, E. R.: Arteriosclerotic gangrene; report 
on refrigeration prior to amputation, 518 
Hallux: See Fingers and Toes 
Hamby, W. , Trigeminal 
radicular lesions, 555 
Hand: See also Fingers and Toes 
anatomy of, 99 
grease gun injuries of, 100 
traumatic edema, 105 
Hanflig, S. S.: Pain in shoulder girdle, arm 
and precordium due to foraminal compres- 
sion of nerve roots, 652 
Hardt, H. G., Jr.: Thoracoabdominal gunshot 
wounds; review of 84 cases, 59 
Harkins, H. N.: Delayed splenic rupture; 
clinical syndrome following trauma; re- 
port of 4 cases with analysis of 177 cases 
collected from literature, 186 
Hatt, R. N.: Central bone graft in joint arth- 
rodesis, 664 
Head: See Cranium 
Hemangioma of bladder, 442 
of joints, 465 


carci- 


neurofi- 


gastritis and 


surgery, 


neuralgia due to 


Hematuria, 166, 455 

Hemorrhage: See Brain, hemorrhage; Hemosta- 
sis; etc. 

Hemostasis: See also Blood, coagulation; etc. 


clot resistance in 
hemostasis, 224 
effects of lowering temperature of 
extremity to which 
applied, 167 
solid carbon dioxide-ferric chloride technic 
for hemostasis; experimental study of its 
effectiveness in brain viscera and superior 
- sagittal sinus, 386 
Hepatic Duct: See Bile Ducts 
Hepler, A. B.: Review of urologic surgery, 
138, 422 
Hermaphroditism, 457 
Hinchey, P. R.: Gallstone ileus, 9 
Hinman, F.: Review of urologic surgery, 138, 
422 


Hip: See also Femur; Ilium 
deformities; subtrochanteric 
coxa vara, 743 
telescoping V osteotomy; general method for 
correcting angular and rotational dis- 
alinements, 772 


mice and mechanism of 


injured 
tourniquet has been 


osteotomy in 
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Hormones: See also Endocrine Glands 
pellet implantation of hormones in urology, 
oft 
Hospitals, treatment in cases of slipped capital 
femoral epiphysis at Massachusetts General 
Hospital, 681 
Humerus, conditions resulting 
about head of humerus, 89 
early mobilization of fractures of upper end 
of humerus, 614 
operation for benign 
metaphysis, 759 
wire fixation of fracture 
humerus, 678 
Hurwitz, A.: Intravenous use of 
oxide, 296; correction, 458 
Hydronephrosis, 424 
Hygroma: See under Bursa 
Hyperparathyroidism: See Parathyroid 
Hypertension: See Blood pressure, high 
Hyperthyroidism: See under Thyroid 
Ilypertrophy: See Prostate; etc. 
Hypoproteinemia: See Blood, proteins 
Hypoprothrombinemia: See Blood, prothrombin 


from injuries 


cyst of upper humeral 


f proximal third of 


vitamin Ki 


Icterus: See Jaundice 
Ileus: See Intestines 
Ilium, repair of large cranial defects; report 
of case in which large cranial defect was 
repaired by graft from ilium, 575 
Industrial Diseases, hollow foot, 76 
Infertility: See Sterility 
Injections, total circulating plasma proteins in 
surgical patients with dehydration and mal- 
nutrition; indications for intravenous ali- 
mentation with amino acids, 277 
Injuries: See Trauma; and under 
organs and regions, as Abdomen; 


names of 
Ankle ; 


Extremities ; Foot; Hand; Humerus; Spine; 
Tendons ; etc. 
Instruments: See also Apparatus 


nerve regeneration in rat following tubular 
splicing of severed nerves, 525 
surgical, 111 
Internal Secretions: See Endocrine Glands 
Intestines : See also Duodenum; Gastroin- 
testinal Tract; Rectum 
effects of jejunal transplants on experimental 
production of peptic ulcers, 459 
gallstone ileus, 9 
operative treatment of cancer of large bowel 
without colostomy, 253 
Uleers: See Peptic Ulcer 
ureterointestinal anastomosis, 437 
Islands of Langerhans: See Pancreas 


Jackson, G. H., Jr.: Henry Jacob Bigelow, or- 
thopedic surgeon, 666 

Jaffe, H. L.: Solitary benign enchondroma of 
bone, 480 

Jaundice, obstructive, therapeutic trends and 
operative mortality in cases of, 504 

Jaws, 93 

operation for correction 

eation of, 762 


of recurrent dislo- 


Jejunum: See Intestines 
Uleers: See Peptic Ulcer 
Joints: See also under names of individual 


joints, as Elbow; Hip; Knee; etc. 
arthrogryposis multiplex congenita, 673 
central bone graft in joint arthrodesis, 664 
Contracture: See Contracture 
studied from physiologic and histologic points 
of view, 134 
useful surgical procedures for rheumatoid 
arthritis involving joints of upper extremity, 
76 


‘ 

Joplin, R. J.: Treatment in cases of slipped 
capital femoral epiphysis at Massachusetts 
General Hospital, 681 


Katzeff, M.: Arthrogryposis multiplex con- 
genita, 673 
Key, J. A.: Wire fixation of fractures of proxi- 


mal third of humerus, 678 ° 
Kidneys: See also Urinary Tract 
abnormalities; ectopia, 423 
anomaly, 422 
ealeuli, 425 


cysts, 428 
Diseases: See also Hydronephrosis 
diseases; hypertension and unilateral renal 


disease, 431 
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Kidneys—Continued 
effects of administration of sodium sulfa- 
diazine to dogs, 326 
renal hyperparathyroidism, 433 
retroperitoneal tumors affecting kidneys, 434 
surgical technic, 430 
tests for concentration of urine, 456 
tuberculosis, 430 
tumor, 427 
Kirklin, B. R.: Mistakes and misunderstandings 
in roentgenologic diagnosis of gastric can- 
cer, 861 
Kleiger, B.: Role of toxin and use of antitoxin 
in systemic staphylococcic infections, 548 
Klein, A.: Treatment in cases of slipped capital 
femoral epiphysis at Massachusetts General 
Hospital, 681 
Knee: See also Semilunar Cartilages 
development of human knee joint, 705 
dislocation; report of 4 cases, 598 
hemangioma of joints, 465 
prone position for exposing medial meniscus 
of knee joint, 616 
surgical approaches to epiphysial cartilages of 
knee and ankle joints, 591 
Koster, H.: Concentration of procaine in 
cerebrospinal fluid of human being after 
subarachnoid injection; third report, 301 
Fate of procaine in human body after sub- 
arachnoid injection, 49 
Kuhns, J. G.: Adventitious bursas, 687 


Lalich, J. J.: Clot resistance in mice and 
mechanism of hemostasis, 224 

Lambros, V. S.: Repair of large cranial defects: 
report of case in which large cranial 
defect was repaired by graft from ilium, 


otia 
Langerhans’ Islands: See Pancreas 
Lapidus, P. W.: Misconception about ‘‘springi- 


ness”’ of longitudinal arch of foot; mechan- 
ics of arch of foot, 410 
Larson, C. B.: Useful surgical procedures for 
rheumatoid arthritis involving joints of 
upper extremity, 764 
Legs: See also Extremities: Foot 
Amputation: See Amputation 
Artificial: See Extremities, artificial 
deformities; pseudarthrosis and neurofibro- 
matosis, 639 
fracture of shafts of both bones of lower 
half of leg, 697 
fracture, relaxation of tendo achillis in, 86 
length; central bone graft in joint arthrodesis, 
664 
length, equalization of, 114 
Leukemia, infiltration of bone with spontaneous 
fracture in case of chronic myelogenous 
leukemia, 514 


von Lichtenberg, A.: Review of urologic 
surgery, 138, 422 
Lichtenstein, L.: Solitary benign enchondroma 


of bone, 480 
Life, knowing how to live, 604 
Ligaments: See also Knee 
misconception about ‘“‘springiness’’. of longi- 
tudinal arch of foot; mechanics of arch 
of foot, 410 
Triangular: See Wrist 
Likoff, W. B.: Evaluation of blood test for 
galactose tolerance in diagnosis of hyper- 
thyroidism, 581 


Lincoln, J. R.: Fracture of shafts of both 
bones of lower half of leg, 697 
Linton, R. R.: Treatment of acute arterial 


occlusion by means of intermittent venous 
occlusion; report of case, 395 
Liver: See also Biliary Tract 
deleterious effects of anoxia on liver of 
hyperthyroid animal, 171 
hepatic dysfunction in patients with gastro- 
intestinal cancer, 851 
surgical problem of gastric cancer with ref- 
erence to (1) closed method of gastric 
resection, (2) coincidental hepatic resec- 
tion and (3) preoperative and postopera- 
tive management, 879 
Longitudinal Arch ; misconception about “‘spring- 
iness”’ of longitudinal arch of foot; mechan- 
ics of arch of foot, 410 
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Longitudinal Sinus; solid carbon dioxide-ferric 
chloride technic for hemostasis; experi- 
mental study of its effectiveness in brain, 
viscera and superior sagittal sinus, 386 

Lord, J. W., Jr.: Effects of jejunal transplants 
on experimental production of peptic ulcers, 
459 

Free graft over vitalllum tube for bridging 
gap in common bile duct of dog, 245 
Lungs: See Thorax; etc. 
Embolism: See Embolism 


McDermott, L. J.: 
knee joint, 705 

McIver, M. A.: Deleterious effects of anoxia 
on liver of hyperthyroid animal, 171 

McKeever, F. M.: Fracture of neck of astraga- 
lus, 72 

McSwain, B.: Effects of administration of 
sodium sulfadiazine to dogs, 326 

Madelung’s Deformity: See Wrist 

Maisel, B.: Effects of administration of so- 
dium sulfadiazine to dogs, 326 

Manganese, effect on bone growth, 122 

March Fracture: See under Metatarsus 

Medicine, Military: See also Aviation and 
Aviators 

conditions involving foot in relation to mili- 
tary service, 76 
rehabilitation in wartime Britain, 788 

Mellors, R. C.: Total circulating plasma pro- 
teins in surgical patients with dehydration 
and malnutrition; indications for intra- 
venous alimentation with amino acids, 277 

Meninges, concentration of procaine in spinal 
fluid of human being after subarachnoid 
injection; third report, 301 

Meniscus: See Semilunar Cartilages 

Menstruation ; dysmenorrhea; result of postural 
defect, 

Meranze, D. R.: Evaluation of blood test for 
galactose tolerance in diagnosis of hyper- 
thyroidism, 581 

Metabolism and cartilage growth, 133 

bone growth, repair and metabolism, 116 

metabolic abnormalities in patients with can- 
cer of gastrointestinal tract; review of 
recent studies, 844 

metabolic abnormalities of postoperative 
period, 857 

Metals, free graft over vitallium tube for 
bridging gap in common bile duct of dog, 
245 

Metatarsus: See also Foot 

march fractures, 84 

Mettler, F. A.: Reticulocytosis following abla- 
tion of frontal cerebral cortex, 572 

Meyer, L. M.: Infiltration of bone with 
spontaneous fracture in case of chronic 
myelogenous leukemia, 514 

Military Medicine: See Medicine, Military 


Development of human 


Miller, D. S.: Post-traumatic dystrophy of 
extremities; chronic vasodilator mechanism, 
469 


Mitchell, N.: Traumatic hemorrhage of inter- 
nal capsule, 265 
Morphine, demerol; substitute for morphine 
in treatment of postoperative pain, 404 
Morris, R. H.: Skeletal traction as method of 
treatment for certain foot deformities, 736 
Mulholland, J. H.: Demerol; substitute for 
morphine in treatment of postoperative 
pain, 404 
Muscles, biochemical studies of, 132 
cervical rib and scalenus anticus syndrome, 
91 
misconception about ‘“‘springiness” of longi- 
tudinal arch of foot; mechanics of arch 
of foot, 410 
muscle and tendon rupture, 90 
muscle transplantation for combined flexion- 
internal rotation deformity of thigh in 
spastic paralysis, 605 
neuromuscular studies, 129 
physiologic studies of, 132 
review of literature, 128 
tendon and muscle repair, 136 











sz 


ye 


yy 


> 


~_— i no 








INDEX TO 


Narcosis: See Anesthesia 
Nephrectomy: See under Kidneys 
Nerves: See also Nervous System; 
Paralysis 
nerve regeneration in rat following tubular 
splicing of severed nerves, 525 
pain in shoulder girdle, arm and precordium 
due to foraminal compression of nerve 
roots, 652 
roots; trigeminal 
lesions, 555 


Neuralgia ; 


neuralgia due to radicular 


Nervous System: See also Brain; Nerves; 
etc. 
dermoid and epidermoid tumors  (choles- 


teatomas) of central nervous system; re- 
port of 23 cases, 350 
neuromuscular studies, 129 
surgical anatomy of external carotid plexus, 
238 
Nettleship, A.: 
793 
Neuralgia, surgical anatomy of external carotid 
plexus, 238 
trigeminal, due to radicular lesions, 555 
Neurofibromatosis and pseudarthrosis, 639 


Experimental gastric carcinoma, 


Nickel, W. F.: Treatment of burns. with 
chemotherapeutic membranes, 1 

Nutrition: See also Vitamins 

total circulating plasma proteins in surgical 
patients with dehydration and malnutri- 
tion; indications for intravenous alimen- 


tation with amino acids, 277 

Occupational Diseases: See Industrial Diseases 

Occupational Therapy, rehabilitation in war- 
time Britain, 788 

O’Conor, V. J.: Review of 
138, 422 

Oil, grease gun injuries of hand, 100 


urologic surgery, 


Operating Rooms: See Surgery 

Orchiopexy: See under Testes 

Orthopedic Surgery, progress for 1941; review 
prepared by editorial board of American 


Academy of Orthopaedic Surgeons, 74 
reprints of ‘‘Progress” available, 458 
Orthopedics: See also Amputation; Fractures; 


etc. 

braces, 110 

Henry Jacob Bigelow, orthopedic surgeon, 
666 


internal brace for low part of back, 755 
rehabilitation in wartime Britain, 788 
Orthoptics, examination by American Orthoptic 
Council, 458 
Os Acromiale: See Scapula 
Calcis: See Calcaneum 
Centrale: See Wrist 
Osgood, Robert B., 589 
knowing how to live, 604 
Ossification centers, 121 
delayed, 122 
Osteitis deformans: Paget's disease with asso- 
ciated osteogenic sarcoma; report of 3 
cases, 750 
fibrosa cystica localisata; operation for benign 
cyst of upper humeral metaphysis, 759 


Osteochondritis dissecans; discussion of 2 
similar lesions, 635 
of ankle joint, 83 
Osteogenesis: See Bones, growth 


Osteoporosis: See Bones, atrophy 

Osteotomy: See Hip, deformities 

Oxygen, deficiency ; deleterious effects of anoxia 
on liver of hyperthyroid animal, 171 


Pack, G. T.: Metabolic abnormalities in pa- 
tients with cancer of gastrointestinal tract ; 
review of recent studies, 844 

Transthoracic subtotal gastrectomy and esoph- 
agectomy for cancer; report of case, 930 

Paget's Disease: See Osteitis deformans 

Pain, demerol; substitute for morphine in 
treatment of postoperative pain, 404 

in shoulder girdle, arm and precordium due 
to foraminal compression of nerve roots, 
652 

positional, 771 

Palsy: See Paralysis 

Pancreas, primary carcinoma of infra-ampul- 
lary portion of duodenum with example of 


probable origin from aberrant pancreatic 
tissue, 494 
Papilla of Vater: See Vater’s Ampulla 
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Parachute Jumpers: See Aviation and Aviators 

Paralysis, muscle transplantation for combined 
fiexion-internal rotation deformity of thigh 
in spastic paralysis, 605 

Parathyroid; renal hyperparathyroidism, 433 

Paratrooper: See Aviation and Aviators 


Peabody, C. W.: Subtrochanteric osteotomy 
in coxa vara, 743 
Penis, anomaly, 451 


plastic induration, 155 
Peptic Ulcer, effects of jejunal transplants on 
experimental production, 459 
Phalanges: See Fingers and Toes 
Phemister, D. B.: Transthoracic resection for 
cancer of cardiac end of stomach, 915 
Phimosis, 156 
Pike, M. M.: Paget's disease with associated 
osteogenic sarcoma; report of 3 cases, 750 
Pitkin, H. C.: Internal brace for low part of 
back, 755 
Plastic Surgery: See 
Polypi: See Ureters 
Position: See Posture 
Posture, concentration of procaine in 
fluid of human being after 
injection; third report, 301 
dysmenorrhea; result of postural defect, 611 
positional pain, 771 
prone position for exposing medial meniscus 
of knee joint, 616 
Potts, W. J.: Pulmonary 
and experimental study, 27 
Precoidium, pain in shoulder girdle, arm and 
precordium due to foraminal compression 
of nerve roots, 652 
Prepuce: See Penis 
Priestley, J. T.: Prognosis and end results in 
treatment of cancer of stomach, 939 
Review of urologic surgery, 138, 422 
Procaine and Procaine Compounds: See 
Anesthesia 
fate in human body after subarachnoid injec- 
tion, 49 
Prostate, carcinoma, 146, 447 
hypertrophy, 145, 445 


Surgery, plastic 


spinal 
subarachnoid 


embolism ; 


o7 


clinical 


also 


prostatic resection for patients with tabes 
dorsalis, 447 

tuberculosis, 147 

Prosthesis See Extremities, artificial 





Proteins: See also Amino Acids 
in Blood: See Blood, proteins 
wound healing; effect of sterile abscess on 
fibroplasia in wound healing, 40 
Prothrombin: See Blood, coagulation 
Pseudarthrosis and neurofibromatosis, 639 
Pyelography; urography, 164, 454 


Rand, C. W.: Dermoid and epidermoid tumors 
(cholesteatomas) of central nervous system ; 
report of 23 cases, 350 

Ravdin, 1. S.: Surgical care of patients with 
gastric cancer before and after operation, 
871 

Recklinghausen’s Disease: See 
tosis; Osteitis fibrosa 

Rectum, epidermoid carcinoma of 
rectum, 336 

Reeves, D. L.: Dermoid and epidermoid tumors 
(cholesteatomas) of central nervous system ; 
report of 23 cases, 350 

Refrigeration: See Cold 

Rehabilitation in wartime Britain, 788 

Reidy, J. A.: Treatment in cases of slipped 
capital femoral epiphysis at Massachusetts 
General Hospital, 681 

Rekers, P. E.: Metabolic abnormalities in pa- 
tients with cancer of gastrointestinal tract; 
review of recent studies, 844 

Relaxation, knowing how to live, 604 

Reprints of “Progress in Orthopedic Surgery” 
available, 458 

Reticulocytosis: See Erythrocytes 

Rhoads, C. P.: Metabolic abnormalities in 
patients with cancer of gastrointestinal 
tract; review of recent studies, 844 

Rhoads, J. E.: Surgical care of patients with 
a cancer before and after operation, 


Neurofibroma- 


anus and 


‘ 

Ribs, abnormalities; cervical rib and scalenus 
anticus syndrome, 91 

Riegel, C.: Surgical care of patients with gastric 
cancer before and after operation, 871 
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Roentgen Rays, mistakes and misunderstandings 
in roentgenologic diagnosis of gastric can- 
cer, 861 

Therapy: See under names of organs, regions 
and diseases, as Ankle; Shoulder; Wrist; 
etc. 

Rogers, W. A.: Operation for benign cyst ot 
upper humeral metaphysis, 759 

Royster, H. P.: Surgical care of patients with 
gastric cancer before and after operation, 
871 


oe 
Rudo, N.: Pseudarthrosis and neurofibromato- 
sis, 639 


Saggital Sinus: See Longitudinal Sinus 
Salts, mobilization of bone salts, 122 
Sanders, G. B.: Wound healing; effect of sterile 
abscess on fibroplasia in wound healing, 40 
Sarcoma: See also Tumors 
Paget’s disease with associated osteogenic 
sarcoma; report of 3 cases, 750 
Seapula, conditions about scapula, 92 
Schiff, L.: Gastroscopic diagnosis of gastric 
cancer, 865 


Schmelkes, F. C.: Treatment of burns with 
chemotherapeutic membranes, 1 
Schneeberg, N. G.: Evaluation of blood test 


for galactose tolerance in diagnosis of 
hyperthyroidism, 581 
Scholl, A. J.: Review of urologic surgery, 138, 
422 
Sclerosis: See Arteriosclerosis 
Secretions, Internal: See Endocrine Glands 
Seed, L.: Thoracoabdominal gunshot wounds; 
review of 84 cases, 59 
Seligman, A. M.: Intravenous use of vitamin 
Ki oxide, 296; correction, 458 
Semilunar Cartilages: See also Knee 
development of human knee joint, 705 
prone position for exposing medial meniscus 
of knee joint, 616 
Sesamoid Bone: See Metatarsus 
Sex, Intergrades: See Hermaphroditism 
Sharpe, W. S8.: Biliary dyskinesia; role 
played by remnant of cystic duct, 564 
Shock, inorganic phosphorus content of serum 
in, 214 
Shoulder: See also Clavicle; Humerus; Scapula 
acramioclavicular and coracoclavicular con- 
ditions, 91 
lesiong due to injury and disease of bursas 
and tendons about shoulder joint, 87 
lesiong of supraspinatus tendon; degenera- 
tion, rupture and calcification, 307 
pain in shoulder girdle, arm and precordium 
due to foraminal compression of nerve roots, 
652 ‘ 
recurrent dislocation of, 89 
roentgen therapy, 89 
Sinus, Saggital: See Longitudinal Sinus 
Skull: See Cranium 
Smith, L. D.: Operation for correction of re- 
current dislocation of jaw, 762 
Smith, S.: Pulmonary embolism; clinical and 
experimental study, 27 
Smith-Petersen, M. N.: Useful surgical pro- 
cedures for rheumatoid arthritis involving 
joints of upper extremity, 764, 
Societies, American Urological Association, 458 
International College of Surgeons, 458 
Sodium Sulfadiazine: See Sulfanilamide and 
Sulfanilamide Compounds 
Spermatic Cord, tumors of, 451 
Spinal Fluid: See Cerebrospinal Fluid 
Spine, injuries, new aspects of, 619 
pain in shoulder girdle, arm and precordium 
due to foraminal compression of nerve 
roots, 652 
Spleen, delayed splenic rupture; clinical syn- 
drome following trauma; report of 4 cases 
with analysis of 177 cases collected from 
literature, 186 
Staphylococci, role of toxin and use of anti- 
toxin in systemic staphylococcic infections, 


548 

Stefko, P.: Effects of jejunal transplants on 
experimental production of peptic ulcers, 
459 


Sterility; infertility, 153 

Stewart, F. W.: Chronic atrophic gastritis 
and cancer of stomach, 823 

Stewart, S. F.: Positional pain, 771 
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Stomach: See also Gastrointestinal Tract 
absorption of fat after total gastrectomy, 857 
eancer, and chronic atrophic gastritis, 823 
eancer, experimental, 793 
eancer; gastroscopic diagnosis, 865 
cancer; mistakes and misunderstandings in 
roentgenologic diagnosis, 861 

cancer, pathology of, 807 

cancer; prognosis and end results in treat- 
ment, 939 ; 

cancer; surgical care of patients with gastric 
cancer before and after operation, 871 

cancer; surgical problem with reference to 
(1) closed method of gastric resection, 
(2) coincidental hepatic resection and (3) 
preoperative and postoperative management, 
879 


eancer, total gastrectomy for, 907 
cancer; transthoracic resection for cancer of 
cardiac end of stomach, 915 
cancer; transthoracic subtotal gastrectomy 
and esophagectomy for cancer; report of 
case, 930 
inflammation; chronic atrophic gastritis and 
eancer of stomach, 823 
Ulcers: See Peptic Ulcer 
Stout, A. P.: Pathology of carcinoma of 
stomach, 807 
Sulfadiazine: See Sulfanilamide and Sulf- 
anilamide Derivatives 
Sulfanilamide and Sulfanilamide Compounds, 
effects of administration of sodium sulfa- 
diazine to dogs, 326 
therapy with sulfonamide compounds, 157 
treatment of burns with chemotherapeutic 
membranes, 1 
Surgery: See also Apparatus; Instruments; 
Wounds; etc. 
demerol; substitute for morphine in treatment 
of postoperative pain, 
internal brace for low part of back, 755 
metabolic abnormalities of postoperative 
period, 857 
new operations, 114 
plastic; plastic induration of penis, 155 
postoperative anemia, 860 
postoperative hypoprothrombinemia, 859 
surgical care of patients with gastric cancer 
before and after operation, 871 
surgical instruments, 111 
surgical problem of gastric cancer with ref- 
erence to (1) closed method of gastric re- 
rection, (2) coincidental hepatic resection 
and (3) preoperative and postoperative 
management, 879 
therapeutic trends and operative mortality 
in cases of obstructive jaundice, 504 
total circulating plasma proteins in surgical 
patients with dehydration and malnutrition ; 
indications for intravenous alimentation 
with amino acids, 277 
Sutures: See under Surgery 
Syphilis: See under names of organs and re- 
gions 


Tabes Dorsalis, prostatic resection for patients 
with, 447 
Talus: See Astragalus 
Telescoping V Osteotomy: See Abnormalities 
and Deformities 
Tendons, avulsion of distal biceps’ brachii 
tendon, 94 
DeQuervain’s disease, 98 
diseases and injuries of tendo achillis, 81 
injuries, 102 
lesions due to injury and disease of bursas 
and tendons about shoulder joint, 87 
lesions of supraspinatus tendon; degenera- 
tion, rupture and calcification, 307 
muscle and tendon rupture, 90 
relaxation of tendo achillis in fracture of 
leg, 86 
tendon and muscle repair, 136 
torsion of achilles tendon; its surgical sig- 
nificance, 784 
Testes: See also Epididymis; Epididymitis 
biopsy, 153 
blood supply, 152 
torsion of testicle, 151 
tumors of testicle, 148, 450 
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Thigh: See also Hip; Legs 
anatomic study of venous variations at fossa 
ovalis ; significance of recurrences following 
ligations, 289 
muscle transplantation for combined flexion- 


internal rotation deformity of thigh in 
spastic paralysis, 605 

Thompson, G. J.: Review of urologic surgery, 
138, 422 


Thompson, V. P.: Telescoping V osteotomy ; 
general method for correcting angular and 
rotational disalinements, 772 

Thorax: See also Ribs; etc. 

thoracoabdominal gunshot wounds; 
84 cases, 59 

transthoracic resection 
end of stomach, 915 

transthoracic subtotal gastrectomy and esoph- 
agectomy for cancer; report of case, 930 


review of 


for cancer of cardiac 


Thrombosis: See also Embolism 
pulmonary embolism; clinical and _ experi- 


mental study, 27 
Thyroid: See also Parathyroid 

deleterious effects of anoxia on liver of hyper- 
thyroid animal, 171 

evaluation of blood test for galactose toler- 
ance in diagnosis of hyperthyroidism, 581 

so-called “benign metastasizing goiter’; re- 
pout of 2 cases with intracranial metastasis, 


ote 
Tibia, fracture of shafts of both bones of 
lower half of leg, 697 
notes on early bone cyst, 608 
Tissue, wound healing; effect of sterile abscess 
on fibroplasia in wound healing, 40 
Tobin, W. J.: Paratrooper fracture, 780 


Toes: See Fingers and Toes 

Tourniquet: See Hemostasis 

Toxin, role of toxin and use of antitoxin in 
systemic staphylococci infections, 548 

Traction: See under Foot 

Trauma: See also under names of organs 


and regions, as Abdomen; Ankle; Extremi- 


ties; Foot; Hand; Humerus; Spine; Ten- 
dons; etc. 
delayed splenic rupture; clinical syndrome 


following trauma; report of 4 cases with 
analysis of 177 cases collected from litera- 
ture, 186 
post-traumatic dystrophy of extremities; 
ehronic vasodilator mechanism, 469 
traumatic edema, 105 


traumatic hemorrhage of internal capsule, 
265 
Trochanter: See Femur 


Tubercle Bacilli; tuberculous bacilluria, 455 

Tuberculosis: See under names of diseases, 
organs and regions, as Genitals; Kidneys; 
Prostate; etc. 

Tumors: See also Cholesteatoma; Enchondro- 
ma; Hemangioma; Sarcoma; etc.; and un- 
der names of organs and regions, as Ab- 
domen; Bladder; Bones; Epididymis; Fin- 


gers and Toes; Kidneys; Spermatic Cord; 
Testes ; etc. 
dermoid and epidermoid tumors  (choles- 


teatomas) of central nervous system; report 
of 23 cases, 350 
subungual glomus, 86 


Ulcers: See under names of organs and regions, 
as Bladder; etc. 
Peptic: See Peptic Ulcer 
Ulin, A. W.: Therapeutic trends and operative 
mortality in cases of obstructive jaundice, 
504 


Ureterocele: See under Ureters 
Ureters: See also Urinary Tract 
ealculi, 434 
diverticulum, 
polyps, 437 
spasm, 439 
ureterocele, 437 
ureterointestinal anastomosis, 437 
Urethra; periurethral extravasation, 
Urinary Tract: See also Genitals; 
Ureters; etc. 
anesthesia, 166 
antiseptic agents, 452 
ealculi; urinary concretion, 455 
dilatation of, 164 
infection, 163 


438 


156 
Kidneys ; 
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Urine: See also Diuresis and Diuretics; Hema- 
turia; ete. 
tests for concentration of, 
tuberculous bacilluria, 455 
Urography: See Pyelography 


456 


Urolithiasis: See Urinary Tract, calculi 

Urologic surgery, review of, 138, 422 

Urology, pellet implantation of hormones in, 
457 


V Osteotomy: See Hip, deformities 
Vas Deferens, calcification of, 155 
Vasomotor System: See also Arteries; Veins 
post-traumatic dystrophy of extremities ; 
chronic vasodilator mechanism, 469 
Vater’s Ampulla, primary carcinoma of infra- 
ampullary portion of duodenum with ex- 
ample of probable origin from aberrant 
pancreatic tissue, 494 
Veins: See also Embolism; Vasomotor System ; 
etc. 
anatomic study of venous variations at fossa 
ovalis; significance of recurrences follow- 
ing ligations, 289 
treatment of acute arterial occlusion by means 
of intermittent venous occlusion; report of 
case, 395 
Vertebrae: See Spine 
Viscera: See also Abdomen 
solid carbon dioxide-ferric chloride technic 
for hemostasis; experimental study of its 
effectiveness in brain, viscera and superior 
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